STUDIES ON THE INITIATION OF SPORANGIA IN FERNS (*) 


(with 77 figures) 


PART I 

INTRODUCTION 

The general interest of the study of 
the physiology of the initiation of spo¬ 
rangia in ferns lies in the connections 
between this problem and two general 
questions of morphogenesis of vascular 
plants, namely the physiology of develop¬ 
ment of reproductive structures and the 
physiological determination of the alter¬ 
nation of generations. Therefore it is ne¬ 
cessary to outline here some of the gene¬ 
ral features of these fields in order to 
place the studies on initiation of sporangia 
in ferns in their proper perspective. 

1. Initiation of sporangia and the phy¬ 
siology of development of reproductive 
structures in vascular plants. 

Studies of reproductive structures in 
vascular plants were developed first by 
observations and experiments through 
which the function of reproduction was 
identified, located and described in An- 
giosperms (Camerarius, 1694; Kolreuter, 
1761; Amici, 1824-1847) and extended to 
Gymnosperms, Pteridophytes and Bryo- 
phytes (Hofmeister, 1849) (125). 

This period was followed by one in 
which interest shifted from function to 
structure and led to the accumulation of 
data on the anatomy and cytology of re- 
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productive organs. As this descriptive in¬ 
formation was gradually classified, a few 
general principles emerged, establishing 
a correspondence between the life-cycles 
of the different groups of vascular plants. 

The third step, which we are now 
witnessing, is characterized by interest on 
the physiology of development. Although 
this trend was clearly present in the work 
of Sachs, Gassner, Bonnier and other pre¬ 
cursors (141), systematic research in this 
field started in 1920, with the publication 
of the experimental results of Garner and 
Allard (80). 

Research in each of these periods re¬ 
quired the introduction of new types of 
technique: microscopy, for identification 
of function; microtechnique, for anatomi¬ 
cal and cytological analysis and culture of 
plants under controlled conditions, for 
studies on developmental physiology. 

The utilization of these methods has 
systematically disclosed the existence of 
homologies between the reproductive 
structures of vascular plants. 

Morphological analysis has clearly es¬ 
tablished such a correspondence between 
mature structures, such as the pollen sacs 
and ovules of Angiosperms, the pollen 
sacs and ovules of Gymnosperms, the 
micro- and macrosporangia of hetero- 
sporous Pteridophytes and the sporangia 
of homosporous Pteridophytes. 


(*) Thesis submitted in Partial Fulfillment of the requirements for the Degree of Doctor of 
Philosophy. California Institute of Tecnology — Pasadena, California, 1958. 
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The correspondence holds also for 
their ontogenetic sequences. As this cor¬ 
respondence was expanded, it became in¬ 
creasingly improbable that such repro¬ 
ductive structures could be constructed, 
in different plant groups, by entirely dif¬ 
ferent mechanisms. 

In Angiosperms, the study of clima¬ 
tic requirements for flower initiation has 
shown a recurrence of the same patterns 
of reaction towards environmental stimuli 
in different plant groups. Moreover, di¬ 
rect, although limited, evidence for phy¬ 
siological homology of flower initiation 
is given by grafting experiments, in which 
it has been possible to transmit flower in¬ 
duction from induced donors to non-indu- 
ced acceptors belonging to different gene¬ 
ra of the same family and having diffe¬ 
rent environmental requirements (117). 
Long-day and short-day requirements 
were even found together in the flowering 
behavior of the same plant (154, 155, 158). 

All these facts justify the postulate 
that, in spite of the differences of physio¬ 
logical organization in different species, 
there is a common basic mechanism in¬ 
volved in the physiology of initiation of 
reproductive structures in vascular plants. 

As the link between the initiation of 
sporangia in Angiosperms and in Pterido- 
phytes is represented only by morpholo¬ 
gical data ,it is of interest to investigate 
if there is any similarity in the types of 
environmental requirements for the ini¬ 
tiation of these homologous organs. From 
this point of view, the study of initiation 
of sporangia in ferns represents an ex¬ 
tension of the studies on flower initiation. 

2. Initiation of sporangia and the deter¬ 
mination of the alternation of genera¬ 
tions in ferns. 

Following Strasburger’s studies in last 


century it was believed that the alterna¬ 
tion of sporophytic and g'ametophytic ge¬ 
nerations was coincident with the alter¬ 
nation of a diplophase and a haplophase. 
However, later on, it was realized that 
it is not necessarily so, for, in the same 
species, there may be sporophytes that 
are haploid (65, 195) and gametophytes 
that are diploid (13, 14, 127). Regenera¬ 
tion studies have shown that primary 
leaves (of diploid sporophytes) regene¬ 
rate diploid gametophytes very easily in 
many species of ferns (64, 119), as well 
as adult leaves (64). Gametophytes can 
regenerate gametophytes (2), or produce 
sporophytes as apogamous buds (171). 
These facts show that each generation is 
potentially able to produce the other with¬ 
out going through the chromosome cycle 
in which halophase and diplophase alter¬ 
nate. This is also true on the Bryophyte 
level (128) and becomes particularly stri¬ 
king in some Rhodophyta, the Ceramia- 
ceae, where in 70» species a single gene¬ 
ration, the carposporophyte, is both a ga- 
metophyte and sporophyte (63). Al¬ 
though this complete superposition of ga- 
metophyte and sporophyte is not criti¬ 
cally established in any fern, there are 
known cases in which a single plant part 
shows contiguous gametophytic and spo¬ 
rophytic tissues (42, 119, 194), the most 
remarkable being the “peculiar” mutant 
of Phyllitis scolopendrium (L.) Newm., in 
which the homozygous recessive plant 
shows sporophytic tissue in the leaf veins 
and gametophytic tissues in the mid-vein 
areas (14). 

The differentiation of tracheids was 
so firmly believed to be a sporophytic pro¬ 
perty in Pteriodophytes that the occur¬ 
rence of isolated patches of tracheids in 
prothalli was considered a dependable in¬ 
dication of apog'amy (170). It was found, 
however, that tracheids occur normally 
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and regularly, in discontinuous stands, in 
the gametophytes of “Psilotum” (97) and 
of “Tmesipteris”- (96), without any indi¬ 
cation of apogamy. Callus tissue cultures 
obtained by growth of spores of Osmunda 
cinnamomea L. on a mineral medium sup¬ 
plemented by vitamins and auxin diffe¬ 
rentiate tracheids and were verified to 
have the haploid set of the species and no 
apogamic development (139). Likewise, 
although stomata are considered to be a 
typical differentiation of the sporophyte, 
they have also been found in aposporous 
gametophytes (194). It sems, therefore, 
that the most dependable organs for de¬ 
finition of sporophytes and gametophy¬ 
tes, both structurally and functionally, are 
the sporangia and the gametangia. Conse¬ 
quently, a better understanding of the 
physiological mechanism that determines 
the alternation of generations requires the 
study of the causes that determine the 
initiation and development of gametangia 
and of sporangia. 

3. Plan of the work. 

The variety of features of sporangia 
is so richly displayed among ferns that 
sporangial characters are extensively used 
by taxonomists of this group for the de¬ 
finition of families and of many genera. 
Therefore, if we are to avoid studying 
particular cases, attention will have to be 
concentrated on the basic features of this 
organ. For this purpose we may use 
Bower’s definition: “Wherever there is 
found an isolated spore-mother cell, or a 
connected group of them, or their pro¬ 
ducts, this, together with the tissues that 
protect it, constitutes the essential fea¬ 
ture of an individual sporangium” (39). 

Studies on the ontogenesis of the spo¬ 
rangium in many plants demonstrate that 
this organ arises from the differentiation 
of a mass meristem. It is, therefore, na¬ 


tural to begin the study of this organ by 
trying to understand where and when does 
this meristem arise in the life-cycle of 
the plant. 

Next we may ask ourselves if this me¬ 
ristem has only a definite pathway of 
differentiation (leading to the mature 
sporangium) or if there are other possi¬ 
ble paths of differentiation. 

It becomes also of interest to inves¬ 
tigate whether the occurrence of such 
meristems and their subsequent develop¬ 
ment involves a correlation with other 
organs of the plant and whether initiation 
of sporangia is affected, at least in some 
species, by such environmental factors as 
photoperiod and temperature, which are 
known to affect flower initiation in many 
angiosperms. 

The answers to these questions re¬ 
present preliminary information, which is 
indispensable for the quantitative study 
of the physiological processes involved in 
the initiation of the sporangia. We hope 
that the answers presented in this work 
will indicate that the study of the initia¬ 
tion of sporangia in ferns can provide: 
a) information for building a broader pic¬ 
ture of the morphogenesis of reproductive 
structures in vascular plants; b) biolo¬ 
gical objects which are favorable for the 
investigation of some aspects of the basic 
mechanisms involved in the morphogene¬ 
sis of these reproductive structures. 

PART II 

INCIDENCE OF THE INITIATION OF 
SPORANGIA IN THE LIFE-CYCLE OF FERNS 

In ferns the initiation of sporangia 
usually takes place in the leaves of the 
mature plant. There are, however, the 
deviations from this normal incidence and 
it is useful to consider such deviations for 
the purpose of clarifying the topographical 
requirements of the process. 
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1. Occurrence of sporangia in 
gametophytes. 

There have been several reports of 
this occurrence. In Scolopendrium vulgare 
(= Phyllitis scolopendrium (L). Newm.) 
var. ramulosissimum and in Nephrodium 
dilatatum (= Dryopteris spinulosa (Mull.) 
Watt) var. cristatum gracile, sporangia 
were initiated (and sometimes developed 
up to viable spores) directly on the walls 
of archegonia, and in association with or¬ 
gans considered of sporophytic descrip¬ 
tion, such as tracheids, ramenta, vegeta¬ 
tive buds, “cylindrical processes”, which 
may or may not bear roots (Lang. 114). 

Similarly Pace (144) found sporan¬ 
gia, with differentiation of stalk, epider¬ 
mis, tapetum and a central cell mass 
(which, in one observed case, differentia¬ 
ted spores), in gametophytes of Dryopteris 
spinulosa (Mull.) Watt var. intermedia. 

In 1929 Lang described another case 
(116) in Scolopendrium (= Phyllitis Lud¬ 
wig), in which sporangia were initiated 
from epidermal cells of old gametophytes 
that were prevented from undergoing fer¬ 
tilization by avoiding the presence of wa¬ 
ter collections at the surface of the soil. 

Subsequently Lawton (119) observed 
sporangia in gametophytes of Dryopteris 
marginalis (L.) Gray, obtained from re¬ 
generation of excised primary leaves. The¬ 
se sporangia were found to reach an ad¬ 
vanced stage of differentiation, with cap¬ 
sule, epidermis, tapetum and a core of 
16 cells. 

In the case reported by Lawton the 
gametophytes were found to be diploid; 
the other cases were not cariologically 
studied, but in the first case reported by 
Lang the presence of binucleated cells 
below the sporangia is remarked upon 
(and documented in one picture). Occur¬ 
rence of isolated diploid cells in haploid 


gametophytes of ferns has been reported 
by Farmer and Digby (68) as resulting 
from nuclear fusions of neighboring cells, 
but this observation has never been cri¬ 
tically established and was subsequently 
attributed to an error (62, 127), although 
the existence of binucleate cells has been 
confirmed as occurring sporadically in 
fern gametophytes (62). In the absence 
of cytological evidence we cannot decide 
whether these prothallial sporangia are 
all produced by diploid gametophyte cells 
or whether they are produced as early 
differentiations of an apogamous embryo 
(which could be haploid or diploid). 
Whatever the case will be found to be, 
occurrence of sporangia in gametophytes 
clearly shows that the initiation and dif¬ 
ferentiation of sporangia may precede the 
differentiation of other sporophytic organs, 
such as the stem and the leaves. 

This shortening of the sporophytic 
generation, which is exceptional in living 
Pteridophytes, is the natural sequence of 
events in some lower vascular plants, such 
as the living liverworts “Cyathodium” 
(49, 115), “Geothallus” and “Riellia” (45), 
in which the sporophyte is practically re¬ 
duced to a sporangium only, and some 
devonian Psilophytales, such as “Rhy- 
nia” (45). 

2. Occurrence of sporangia in primary 

leaves. 

This is rarely the normal occurrence 
(38, 41, 151), and has also been observed 
abnormally (90). 

Both the initiation of sporangia in 
gametophytes and in primary leaves, if it 
can be reproduced experimentally, will 
open the possibility of a test for treatments 
considered inductive of the initiation of 
sporangia. 
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3. Occurrence of sporangia in adult 

leaves. 

a) Individuality of sporangia. 

Sporangia may occur, in adult leaves, 
as single units (“monangial condition”), 
or in groups (sori). Further degrees of 
association are the sporocarps of the Mar- 
siliaceae and the synangia (in which 
their individuality holds only for the ta- 
petum and the sporogenous tissue). In 
another type of organization (“acrosti- 
choid condition”) the sporangia are found 
over the whole abaxial leaf area. 

b) Time patterns of initiation and 
development. 

Comparative studies led Bower (39) 
to classify ferns in 3 groups (Simple, Gra¬ 
date and Mixed types) according to the 
chronological patterns of initiation: si¬ 
multaneous initiation of all sporangia of 
a sorus: simple type; initiation in a basi- 
petal gradient along an elongated or la¬ 
terally compressed receptacle: gradate 
type; intermittent initiation on a flat or 
conical receptacle: mixed type. 

c) Number of initials. 

Young sporangia are mass meristems, 
which upon ontogenetic study, were found 
to originate either from several initials 
(Eusporangiate ferns), or from a single 
initial (Leptosporangiate ferns), an inter¬ 
mediate situation being found in Osmun- 
daceae (where the number of cell initials 
may very even among sporangia of the 
same plant (39, 44, 86). These patterns of 
initiation do not represent an isolated fea¬ 
ture of sporangia, but they were found to 
be general norms of organogenesis of me¬ 
ristems in these groups of plants (39, 
41, 184). 


d) Normal spatial patterns of 
initiation. 

Usually sporangia are initiated in 
some leaves (sporophylls), being absent 
from others (trophophylls). These two ty¬ 
pes of leaf may differ only in this res¬ 
pect, or they may show other morpholo¬ 
gical (84) and physiological (196, 197) dif¬ 
ferences (heterophylly, dimorphism). Di¬ 
morphism of leaves: a) is not general 
in ferns; b) ranges from very small dif¬ 
ferences to extreme diversifications (84); 
c) is found in at least 55 genera scattered 
among most of the families (60); d) does 
not show any correlation with the habi¬ 
tat (60), although it has been considered 
as an adaptive feature (43, 57). 

For developmental physiology dimor¬ 
phism serves as a morphological marker 
that allows the detection of incipient or 
residual differentiation of a leaf or leaf 
part towards the sporophyll pattern, as 
well as to circumscribe the normal place 
of initiation of sporahgia, and thus, per¬ 
mit the detection of abnormal localisations 
of their initiation. 

If we refer the place of initiation of 
sporangia to the leaf margin it will be 
seen that in some genera they are margi¬ 
nal; in others, superficial. Comparative 
and developmental studies (39) allowed 
Bower to establish the fact that the ori¬ 
ginal position is always marginal; the shift 
to a superficial position is caused by fur¬ 
ther marginal growth of the leaf. Thus it 
can be seen that the marginal position will 
be retained when there is little expansion 
of the leaf blade or when the expansion 
precedes the initiation of sporangia. As 
the position of sori relatively to the mar¬ 
gin is remarkably constant, this indicates 
that initiation of sporangia and leaf ex¬ 
pansion are two events of relatively cons¬ 
tant timing. 

The most striking correlation display- 
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ed by sporangia in the leaf is with the 
veins. 

e) Correlations between initiation of 
sporangia and the vascular system 
of the leaf. 

This correlation is substantiated by 
comparative and topographic anatomy, by 
the consideration of mutants of Phyllitis 
scolopendrium (L.) Newm. and by re¬ 
sults of some experiments with Asplenium 
bulbiferum Forst. 

Evidence from compartive and topo¬ 
graphic anatomy of the sporophylls. 

1) Isolated sporangia have individual 
vascular supplies: this has been establi¬ 
shed for Botrychium Sw. ( Bruchmann, in 
(40)), for Helminthostachys Kaulf. (40), 
for Mohria Sw. (61); in the case of some 
fossil Ccenopterids the vascular supply 
goes through the sporangial pedicels and 
stops just below the capsule, as in “Stau- 
ropteris oldhamia” (Scott, in (40)). 

2) When sporangia are aggregated in 
sori each sorus develops close to a vein 
end. For details see (40, 41), where 
there may be found clear evidences in 
practically every picture and in every 
description. 

3) In the sporocarps, sori have indi¬ 
vidual veinlets. This was found to be the 
case for Pilularia L (Luersen, in (40), 
for Marsilea L. (103) and for Regnelli- 
dium Lindm. (54, 104). 

4) In synangia: Ophioglossum L. 
shows a vascular branchlet in each septum 
separating fused sporangia (40) and in 
the synangia of Marattiaceae there is a 
vascular supply for every synangium, 
which develops as a radiate-uniseriate 
sorus (40). 

5) In acrostichoid sporophylls sprea¬ 
ding of the sporangia over the whole leaf 
area coincides with very close open veins 


(Elaphoglossum Schott.), with open veins 
in very narrow pinnae ( Polybotrya H. B. 
W., Stenosemia Presl ), with reticulate ve¬ 
nation (Anetium (Kze.) Splitgerb.), Chry- 
sodium L., Acrostichum L., most of 
the species of Leptochilus Kaulf.), with 
reticulate diplodesmic venation ( Cheiro - 
pleuria Presl., Platycerium Desv., Chris- 
tiopteris tricuspis (Hk.) Christ, and C. 
varians (Mett.) Cop., Hymenolepis spicata 
(L.) Presl., with vein plexuses and diplo¬ 
desmic tracheidal plates ( Pleopeltis H. et 
B., Neocheiropteris Christ.). (41). 

6) In genera of close affinity diffe¬ 
rences in the organization of the veins 
coincide with parallel differences in the 
organization of the sorus: 

In the Davallioids, absence of vein 
fusion coincides with absence of soral fu¬ 
sion ( Davallia Smith., Humata Cav.); oc¬ 
casional vein fusion by commissural veins 
coincides with occasional soral fusions, 
forming coenosori ( Nephrolepis Schott., 
Diellia Brack); frequent vein fusions coin¬ 
cide with frequent soral fusions ( Tapeini- 
dium (Pr.) C. Chr., Lindsaya Dryand. 
Odontosoria (Pr.) Fee); constant vein 
fusions coincide with constant coenosorial 
condition ( Dictyoxiphium Hooker). (41). 

In the Blechnoids the presence of 
commissural veins parallel to the midrib 
coincides with the presence of coenosori 
below the commissures ( Blechnum L.) 
and -the coenosorus stops where the com¬ 
missural vein stops. In Blechnum occi- 
dentale L. only the fertile pinnae have 
commissural veins (to which the coeno¬ 
sorus is adjacent), whereas the sterile pin¬ 
nae are devoid of these commissures. Ar¬ 
ching of the commissural veins coincides 
with arching of the coenosorus ( Blechnum 
punctulatum Sw. var. Krebsii). Occasio¬ 
nal opening of the commissures coincides 
with occasional disruption of the coeno¬ 
sori ( Blechnum cartilagineum, Sw. B. 
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punctulatum Sw. var. Krebsii); absence 
of commissures coincides with the absen¬ 
ce of the coenosorus ( Woodwardia Smith, 
Doodia R. Brown, Phyllitis Ludwig, Camp- 
tosorus Link). 


velop at the leaf blade, usually on the 
adaxial surface (94, 106, 137), where they 
start as little callus masses and gradually 
become organized into buds, forming sca¬ 
les, leaves, roots and, internally, a vascular 




Fig. 1. Asplenium bulbiferum Forst, Adventitious plantlets. Right: Fertile pinna 
of a leaf of adult plant, with adventitious plantlet (adaxial view). Middle: Detailed 
view of the adventitious plant. Left: Bulbill from which grows an adventitious plant 


Evidence from the consideration of 
mutants of Phyllitis scolopendrium (L.) 
Newm. 

In these mutants there are changes in 
leaf structure which result in several mo¬ 
difications of the distribution of sporan¬ 
gia in the leaf, such as: separation of twin 
sori, initiation of sporangia in the leaf 
margin, pairing of non-twin sori and ini¬ 
tiation of sporangia in the upper surface 
of the leaf. In all these cases the position 
of the sorus in the leaf is profoundly al¬ 
tered, but the position relatively to the 
veins is maintained (10, 11). 

Evidence from observations and ex¬ 
periments with Asplenium bulbiferum 
Forst. 

In this species adventitious buds de¬ 


strand (see figs. 1, 2). By the time the 
buds are organized as small adventitious 
plants there is a complete vascular con- 



Fig. 2. Asplenium bulbiferum Forst. Vascular 
connection between adventitious bud and vein 
of mature leaf segment. 
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Fig. 3 Fig. 4 

Shadowgraphs ol sterile (fig. 3) and of fertile (fig. 4) pinnae of 

Asplenium bulbiferum Forst 


nection between the plantlet and the vein 
of the adult leaf (fig. 2). Old leaves may 
display a very large number of such ad¬ 
ventitious plantlets. 


We have observed a very large num¬ 
ber of plants of this species, which is 
grown in large scale by some nurseries in 
Los Angeles County. Both in these and 





Fig. 5. Asplenium bulbiferum Forst. Fei'lile pinna of adult plant with 
fertile adventitious plantlet (shadowgraph). 



Fig. 6. Asplenium bulbiferum Forst. Sterile pinna of adult plant with sterile 

adventitious plantlet (shadowgraph). 
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in the plants we have cultivated for three 
years in the Earhart Laboratory, adventi¬ 
tious plantlets developed on fertile leaves, 
if they are left attached to the adult plant, 
initiate and develop sporangia on their 
own leaves; adventitious plantlets develo¬ 
ped on sterile leaves do not initiate spo¬ 
rangia on their leaves, unless these leaves 
are exposed for long periods to long-day 
conditions. In this species fertile leaves 


allowed to develop as separate individuals. 
The experiments done with this purpose 
are described in detail in the section refer¬ 
ring to the behavior of Asplenium bulbi- 
ferum Forst. The results show that 
when the vascular connection between the 
adventitious plantlet and the adult leaf is 
broken, the plantlet loses the capacity to 
initiate sporangia, even in favorable pho- 
toperiodic conditions, till it reaches matu- 



Fig\ 7. Leaf trace of sporophyll of Onoclea sensibilis. Right: Cross sections 
of the petiole at three different levels, showing the 2 leaf traces. Middle: Detail 
of the vascular bundle showing 2 stages with 3 protoxylem groups. Left: One 
of the leaf traces of an adult leaf, limited by the endodermis. Metaxylem arches 
connecting the 3 protoxylem groups. Above, middle: Detail of the lignifiecl 

hypodermis. 


differ from sterile leaves also by a typical 
shape, with very dissected pinnae (see 
figs. 3, 4) and the fertile leaves of adven¬ 
titious plants conform to this rule (see 
figs. 5, 6) . It seems, therefore, clear that 
the fertile veins of the adult leavs not 
only are adjacent to the sori of the adult 
leaf, but are also connected to the fertile 
leaves of the adventitious plantlets. 

Once this was found, we have tried 
to observe what would happen to the lea¬ 
ves of adventitious plantlets if such plan¬ 
tlets were severed from the adult leaf and 


rity. This fact, in contrast with the conti¬ 
nued initiation of sporangia in the leaves 
of plantlets left attached to the adult 
plants, indicates that the initiation of spo¬ 
rangia in attached plantlets is due to trans¬ 
location of materials from the adult plant 
to the adventitious plantlets. 

f) Abnormal localization of sporan¬ 
gia in adult leaves. 

In the species in which initiation of 
sporangia is restricted to some leaves or 
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to some well defined leaf areas it is pos¬ 
sible to observe the occasional initiation 
of sporangia Outside of these normally 
fertile areas. The observations reported 
in the literature, as well as our own, fall 
under three main categories: extension of 
the fertile area; unilateral initiation of spo¬ 
rangia in bilaterally symmetrical leaves 
and discontinuous areas of initiation. 

Extension of the fertile area. 

In most species of Botrychium spo¬ 
rangia are initiated only in the basal seg¬ 
ment of the leaf. Occurrence of sporan- 


Unilateral initiation of sporangia in 
bilaterally symmetrical leaves. 

This has been reported for Dryopteris 
thelipteris (L.) A. Gray. (30), for Blech- 
num occidentale L. (129) and for Anemia 
Sw. (110). In Onoclea sensibilis L. and in 
Pteris cretica L. Dickason (60) tried to 
explain these cases as a possibility arising 
from the fact that these leaves have two 
parallel leaf traces (see fig. 7). This in¬ 
terpretation does not hold for Anemia Sw. 
where there is only a single trace per 
leaf (110). 



Fig. 3. Onoclea sensibilis L., Habit, 


gia in supplementary fertile areas in the 
first basal pinnae has been reported (52, 
53, 73, 88, 107), as well as Helminthosta- 
chys Kaulf. (40). A similar condition is 
found in Anemia Sw. (Euanemia), where 
normally only the two basal pinnae bear 
sporangia. Fronds with one or more sup¬ 
plementary fertile pinnae have been re¬ 
ported in several species (84, 107, 108, 
109, 110. 151). 


Discontinuous areas of initiation of 
sporangia. 

This fact was observed in Botrychium 
Sw. (120, 165), in Anemia Sw. (108) and, 
among Equisetinaeae, in “Equisetum ma¬ 
ximum” (156). In Osmunda claytoniana 
L. this condition was occasionally dis¬ 
played in one of our experiments (see 
fig. 64). Extreme cases are found in 
Platycerium Desv., where sporangia oc- 
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casionally occur in the nest leaves (175) 
and in several species of ferns which were 
found to produce, abnormally, sporangia 
on the adaxial surface of the leaf (88, 179). 



Fig. 9. Onoclea sensibilis L. Sterile pinna; ve¬ 
nation, cross section through the midrib (up, right); 

cross section through a secondary vein 
(right, down). 

4. Conclusions. 

1) The most common localization oj 
sporangia in leaves of adult plants sug¬ 
gests that their initiation may depend on 
correlations carried hy vascular tissues. 

2) The fact that sporangia may he 
found in such varied places as gameto- 
phytes, primary leaves and usually in fer¬ 
tile areas of leaves of adult plants shows 
that their initiation is potentially possible 
in many areas of the fern organism, i.e., 
that the causes involved in their initia¬ 


tion can recur independently in restricted 
areas. 

PART III 

INHIBITIONS AND DEVIATIONS IN THE 
DIFFERENTIATION OF SPOROPHYLLS 

If we concentrate our attention in the 
organ where sporangia are ordinarily ini¬ 
tiated and developed — the sporophyll of 
the adult plant — it will become evident 
that the differentiation of this type of leaf 
may suffer inhibitions and deviations, 
which can provide additional information 
on the initiation of sporangia. 

Sporangia may be partially or totally 
replaced by other structures, such as cell 
proliferations, paraphyses, vegetative buds 
and aposporous gametophytes. 

1. Cell proliferations replacing the sorus. 

Since this is not an uncommon phe¬ 
nomenon we will limit ourselves to the 
consideration of some dimorphic ferns, 
where the study is facilitated by secon¬ 
dary sporophyll characters, that identify 
the position of the arrested sori. Onoclea 
sensibilis L. is one of such plants. Figs. 8 
and 9 show the habitus and the sterile 
pinna. Figs. 10 and 11 show two stages 
in the development of the fertile leaf. As 
is easily observed, the sterile pinna has a 
reticulate venation, abundant abaxial sto¬ 
mata and an expanded blade, whereas the 
fertile pinna has open venation, no stomata 
and a contracted and abaxially folded 
blade. 

Figs. 12 to 24 show abnormal fertile 
pinnae, in which it is possible to follow 
a series of types, ranging from a type very 
similar to the normal trophophyll, to one 
with many sporophyll features and even 
a few sporangia in the sorus. These leaf 









Figs. ICm 24 Pinnae of arrested fertile fronds. 
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Fig. 10. Onoclea sensibilis L. Young fertile frond. Upper row: frond, first 
order pinna, second order pinna in abaxial view, cross section through a first 
order pinna. Lower row: detail of vascular bundle of first order pinna, scale, 
detail of the cross section of the second order pinna, showing receptacle and 
young sporangia below the indusium. 



Fig. 11. Onoclea sensibilis L. An older fertile frond (right); cross sections 
through the region of the receptacle showing the gradate development of the 
sorus. Left, down: cross section of the vascular bundle of second order pinna. 






















Figs, 25, 26 and 27, Onoclea sensibilis L. Successive pinnae of an arrested spo- 
rophyll, showing a longitudinal transition from sporophyll features to trophophyll 
characteristics, in the same frond. The numbers indicate the successive pinnae 
at one side of the rachis in acropetal order. 
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forms have been referred to as Onoclea 
sensibilis L. forma obtusilobata (59, 136, 
143, 153, 167, 177, 185). A similar form 
has been admitted for Pteretis nodulosa 



Fig'. 28. Onoclea sensibilis L. Right: cell proli¬ 
feration replacing a sorus; Left: an abnormal pinna 
where these proliferations are found. 


residual indusium. In some of these leaves 
the incompletely developed indusium faces 
a region of the leaf surface where there 
is a “hillock” of cells, that is, a local cell 
proliferation (Fig. 28), similar in shape 
and in position to the receptacle of a young 
sorus (compare with Fig. 10). Several 
degrees of cell proliferations of this des¬ 
cription may be observed (Fig. 29). The 
incompletely developed indusium may also 
range from a large flap to a very small 
one (Fig. 30). 

In Osmunda Claytoniana L. abnormal 
fertile pinnae are also very common. Fig. 
31 shows the habitus of the plant and 
fig. 32 shows a closer view of the fertile 
frond, with its middle set of fertile pinnae. 




Fig. 29. Onoclea sensibilis L. Several types of cell proliferations found in 
arrested sporophylls, in the position of the sori. 


(Mich.) Niev. (72) (*). For develop¬ 

mental physiology the interest of these 
abnormal leaves lies in the fact that they 
display a series in which the development 
of the sporophyll is arrested at different 
stages and deviated to the trophophyll pat¬ 
tern. This is shown by comparison of the 
vein system, of the cutting of the margin, 
of the involution of the margin and of the 


These have a very narrow blade (fig. 34), 
contrasting with the sterile pinna. Figs. 35 
to 40 show a normal sterile and several 
abnormal fertile pinnae, with cell prolife- 


(*.) It may be incidentally remarked that such 
taxonomic designations should be dropped, since 
these forms are long known to be abnormalities 
of individual leaves, which can be produced ex¬ 
perimentally by defoliation (19, 21, 22, 23, 24, 87). 
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rations and scattered sporangia on the 
veins. Fig. 41 shows some details of these 
cell proliferations. These abnormalities 
were observed by us in natural popula¬ 
tions of the species, at Michigan, and had 
been also observed in both of the areas 
of distribution of the plants (51, 56, 92, 
93, 138, 150). 


the fertile set of the frond, but always in 
the lower and upper pinnae of this set. 
From the data of table I, it is clear that 
the organization of the sporophyll in which 
there is a mixed pattern of development 
(partially fertile) in the pinnae of the ex¬ 
tremes of the fertile region of the spo¬ 
rophyll is at least as frequent as the 



Fig. 30. Onoclea sensibilis L. Several types of residual indusia found in 
arrested fertile pinnae. Left: a pinna of an arrested sporophyll, showing the 
open venation and the residual indusia. 


In 1953-54 we recorded the presence 
or absence of these abnormalities in 330 
fronds of plants growing in natural con¬ 
ditions in Ann Arbor, Michigan. Table I 
presents these data for 11 groups of 30 
fronds each. The average number of ab¬ 
normal fronds per group of 30 fronds is: 
17 ± 2 (standard deviation). Therefore, 
in these conditions, the number of sporo- 
phylls with abnormalities ranges from 
50% to 63% of' the number of sporophylls 
of the sample. 

It is worthy of note that in this spe¬ 
cies the abnormalities were never found 
to occur in the pinnae of the middle of 


organization with a sudden transition 
from one type of pinna to the other. 
This fact can be understood in part when 
we consider the development of the spo¬ 
rophyll in this species. 

The abnormal pinnae are not equally 
common in the lower and in the upper 
limit of the region of the- fertile pinnae 
of the sporophyll, as shown in Table II, 
in which the frequencies of the abnormal 
pinnae are discriminated by classes, ac¬ 
cording to the position (basal or apical) 
in which they occur in the sporophyll. So 
the abnormalities are more frequent in 
the apical limit of the region of the fer- 
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tile pinnae of the sporophyll. This indi¬ 
cates that the fertile pattern of develop¬ 
ment is less stable in the apical limit of 
the region of the fertile pinnae. It is pos¬ 
sible to think of the initiation of sporan¬ 
gia in the pinnae of the sporophyll, in this 
species, as being limited by different fac¬ 


tor Equisetum telmateia Ehrh. (178), for 
“Lycopodium” (38), and for “Selag'inel- 
la” (38). 

All these facts show that the sorus can 
be arrested and deviated in its initial de¬ 
velopment, producing a cell proliferation 
at the leaf surface. 




Fig. 31. Osmunda Claytoniana L. Habit. 


2. Sporangiasters and paraphyses. 

Sporangiasters are sporangia that had 
their development arrested and deviated 
in a stage in which at least the pedicel 
and the capsule are clearly recognizable. 
In paraphyses development is arrested 
earlier and the appearance ranges from 
that of a unicellular hair to that of a 
sporangiaster (43) . Figs. 42, 43 and 44 
show several types of such organs for 
Onoclea sensibilis L. and for Osmunda 
Claytoniana L. Facts of this nature have 
been reported for many species of ferns 
(20, 35, 36, 57, 69, 70, 71, 149). 


tors at the base and at the apex of the 
frond. In fact it is possible to induce the 
initiation of sporangia in all the apical 
pinnae of the frond, but not, so far, in 
the basal pinnae. This result will be dis¬ 
cussed in the section dealing with the 
behavior of Osmunda Claytoniana L. 

Abnormalities in which the sorus or 
isolated sporangia are replaced by a cal¬ 
lus-like proliferation, as those described 
for Onoclea L. and Osmunda L., were re¬ 
ported for prothallial sporangia in Dryop- 
teris spinulosa (Mull.) O.K. (114), for 
Ophioglossum vulgatum L. (Rabenhorst 
in 38), and, among other Pteridophytes, 
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There are three cases of arrest of de¬ 
velopment of sporangia reported in the 
literature that deserve a special mention 
because they disclose an interesting aspect 
of this phenomenon. One is the local ar¬ 
rest in development by albinism; the other 
is the differentiation of a glandular type 
of paraphysis observed in Polypodium 
vulgare L. and the third is the arrest by 
correlation between sporangia. 

Local arrest in variegated plants. 

Bateson has described a variegated 
plant of Adiantum cuneatum Langsd. et 


regions of the leaf. When the white sec¬ 
tor reaches the leaf margin, where sori 
are developed in this species, sporangia 
are initiated both in the white and in the 
green sectors of the sorus, but only those 
initiated in the green areas complete their 
development. The sporangia initiated in 
the white area turn into sporangiasters. 
The study of the physiological differences 
between white and green patches in this 
plant may disclose some information on 
the factors involved in development of 
sporangia, inasmuch as other cases of va- 



Fig. 32. Osmunda Clayioniana L. Sporophylls with middle set of fertile pinnae. 


Fisch. (28), which was subsequently stu¬ 
died in more detail by Andersson (9.) The 
plant exhibits white areas, where chlo- 
roplasts rarely exceed 50% of the size of 
normal chloroplasts and have a pale green 
color. Cells either have small-pale chloro¬ 
plasts or normal chloroplasts and there 
is no transition in size, nor in color, at 
the boundary between white and green 


riegation are known among ferns, in which 
the white areas initiate and develop nor¬ 
mal sporangia and viable spores (12). 

Partial arrest in development of the 
sorus in some strains of Polypodium 
vulgare L. 

Arrest in development of sporangia, 
forming glandular sporangiasters and pa- 
raphyses has been observed in Polypodium 









ARQUIVOS DO MUSEU NACIONAL — VOL. XLVI — 1958 


137 


TABLE I 


Frequency of sporophylls with abnormal fertile pinnae in natural populations of 
Osmund a Claytoniana L. in Ann Arbor, Michigan 


Groups of 30 
fronds 


If of sporophylls with 
abnormalities 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


17 

17 

14 

19 

15 
14 

17 

20 
20 

18 

16 


TABLE n 


Frequency of i 

abnormal fertile pinnae at 

the base, at the 

apex and at both limits 

of the region of the fertile pinnae of the 

sporophyll, in 

natural populations of 


Osmunda Claytoniana L. 

in Ann Arbor, Michigan 


|f of fronds 

ff of fronds 

„ |f of fronds 

Groups of 

with basal 

with apical 

with basal and 

30 fronds 

abnormal 

abnormal 

apical abnormal 


pinnae only 

pinnae only 

pinnae 


(Xi) 

(Xs) 

(x,) 

1 

2 

11 

4 

2 

4 

9 

4 

3 

2 

6 

6 

4 

10 

5 

4 

5 

5 

9 

1 

6 

1 

9 

4 

7 

1 

9 

7 

8 

4 

14 

2 

9 

4 

11 

5 

10 

2 

13 

• 3 

11 

4 

9 

3 


39 

105 

43 

X 

3.5 

9.0 . 

3.9 

S8 2 

64.75 

58.75 

28.91 

(T 

2.4 

2.3 

1.6 

x as / 

3.7'/. to 19.7% 

24.0'/ to 39.3'/ 

7.6/ to 18.3% 


sample 
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vulgare L. (20). Subsequently it was 
shown by Martens (130, 131, 132, 133, 134, 
135) that these paraphyses occur in two 
different morphological types, which show 
definite geographical patterns. A cytolo- 
gical analysis by Manton has shown that 
both types bearing paraphyses belong to 
diploid populations (there are also tetra- 
ploid, hexaploid populations, as well as 
triploid and pentaploid populations) (126, 
127). In this case the arrest in develop¬ 
ment of some sporangia of the sorus seems 
to be an inherited trait. 

Arrest in development of sporangia 
by correlation with other sporangia. 

The observation of development of 
sporangia in Lygodium Sw. (29) and in 
Anemia Sw. (110, 151, 172) shows that 
the apical sporangia of the sorophore 
usually do not complete their development 
and remain arrested. Morphological chan¬ 
ges following this arrest suggest that this 
effect could be caused by the older spo¬ 
rangia and not necessarily through trophic 
competition (172). 

Suppression of development of micros¬ 
porangia by developing macrosporangia 
has been clearly established by Pfeiffer 
(148), for Azolla Lam. In this plant the 
sori contain an apical macrosporangium 


and basal potential microsporangia. De¬ 
velopment of the macrosporangium starts 
first and when it reaches the stage in 
which the 32 spores are formed, two things 
may happen. First possibility: all of the 
32 spores abort, the whole macrosporan¬ 
gium degenerates and this is quickly follo¬ 
wed by development of microsporangia in 
basipetal succession. Second possibility: 31 




Fig’. 33. Osmunda Clayioniana L, Left: sterile 
pinna; Righi: fertile pinna of the same frond, 
with sporangia. 


Fig. 34. Osmunda Clayioniana L. Detail of fer¬ 
tile pinna showing sporangia. 

out of the 32 spores of the macrosporan¬ 
gium degenerate; the remaining spore de¬ 
velops into the macrospore. In this case the 
young microsporangia, initiated at the 
base of the sorus, remain arrested in a 
very early stage and never complete their 
development. 




ARQUIVOS DO MUSEU NACIONAL — VOL. XLVI — 1958 


139 




Figs. 35 and 36 — Osmunda Clayloniana L. Pinnae ol arrested sporophylls 

Fig. 36 — normal sterile pinna. 


3. Experimental arrest of the initiation 

and differentiation of sporangia. 

a) Defoliation experiments. 

Complete and partial suppresison of 
the initiation of sporangia has been pro¬ 
duced experimentally by defoliation in 
Onoclea sensibilis L. (21), in Matteucia 
struthiopteris (L.) Todaro (87), in Ane¬ 
mia collina Raddi and A. flexuosa (Sav.) 
Sw. (112) In Anemia collina Rad. defolia¬ 
tion ceases to be effective in this respect 
if a single adult leaf is left in each 
plant (113). 

b) Dark culture experiments. 

Total suppression of sporangia can 
also be produced in Anemia phyllitidis 


(L.) Sw. by culture of the plants in con¬ 
tinuous darkness (112). 

c) Experiments with applied auxins. 

Application of auxins (3-indole-acetic 
acid, 2,4-dichlorophenoxyacetic acid and 
2-naphthoxy-acetic acid) in lanoline to 
the fertile pinnae of the young, developing 
fertile leaves, or as a solution given 
through the soil, produces the replacement 
of sporangia by irregular cell prolifera¬ 
tions (111). 

d) Experiments with continuous light 
at high temperatures. 

Replacement of sori by irregular cell 
proliferations has been obtained by us 
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Figs. 37 and 38. Osmunda Claytoniana L. Pinnae of arrested sporophylls. 


experimentally in Salvinia rotundifolia 
Willd. by culture of plants at 30°C in con¬ 
tinuous light in the Earhart Plant Re¬ 
search Laboratory. This experiment will 
be described in the section dealing with 
the behavior of Salvinia rotundifolia Willd. 

e) Experiments with continuous 
sprays of water. 

In Marsilea quadrifolia (L.) conti¬ 
nuous spraying of plants with tap water 


for 48 to 60 hours was found by Shat- 
tuck (164) to arrest the development of 
macrosporangia, without affecting the mi¬ 
crosporangia of the same sporocarp. More 
than 60 hours of spray was found to ar¬ 
rest the development of both types of spo¬ 
rangia. These results were interpreted 
as due to detrimental effects caused by 
a lowering of the temperature due to the 
water spray. As the experiments were 
not made with the appropriate controls 
with sprays of water at higher tempera- 










ARQUIVOS DO MUSEU NACIONAL — VOL. XLVI — 1958 


141 





Figs. 39 and 40. Osmunda Clayioniana L. Pinnae 
of arrested sporophylls. 










Fig. 41. Osmunda Clayioniana L. Cell proliferations in pinnae of arrested 
sporophylls. At right, middle row, a sporangium, showing subjacent vascular 

supply. 



Fig. 42. Onoclea sensibilis L. Sporangiasters in an arrested sporophyll. 


tures, the interpretation given is open to 
question and conclusions must await a 
reinvestigation. 


grandis Moore to a vegetative develop¬ 
ment by the culture of isolated young fer¬ 
tile cones. 


f) Isolation of young fertile organs. 

Williams (192j obtained reversion 
of the young fertile cones of Selaginella 


4. Sporangia replaced by vegetative buds. 

Cases have been reported in which 
the sorus is totally or partially replaced 
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Fig. 43. Onoclea sensibilis L. Sporangiasters. Arrested fertile pinna. (Left); 
sorus with sporangiasters and sporangia, individual sporangiaster (up. right!, 
stomates (below) and cell proliferation, with residual inclusium. 


by a vegetative bud in ferns (35), as 
well as in “Isoetes” (85) and in “Ly¬ 
copodium” (88). 

5. Sporangia replaced by gametophytes. 

Production of aposporous gametophy¬ 
tes in adult leaves is by no means a rare 
event (see, for instance, 64). In some ca- 



Fig. 44. Osmunda Claytoniana L. Sporangiasters; 
at right; normal sporangium among sporangiasters. 


ses of apospory, the aposporous gameto¬ 
phytes are produced from young arrested 
sporangia (34, 35, 36). 


6. Conclusions. 

The above discussed facts, concerning 
alternative pathways of the differentiation 
of sporophylls, show that: 

1) The development of the sporan¬ 
gium is a catenary process, that may be 
arrested and deviated at any of its stages. 

2) Initiation and development of spo¬ 
rangia can be experimentally suppressed 
in some plants by a variety of procedures, 
some of them involving climatic condi¬ 
tions, others using changes in internal 
physiological conditions. 

Both the lack of specificity of the to¬ 
pographic localization of the initiation of 
sporangia and the above mentioned con¬ 
clusions suggest an attempt - to describe 
the initiation of sporangia in terms of an 
interaction between internal and environ¬ 
mental factors. The first requirement for 
this purpose is to determine whether cli¬ 
matic factors, such as temperature, photo¬ 
period and thermoperiod can affect the 
process in some plants. 
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PART IV 

EFFECTS OF CLIMATIC FACTORS ON THE 
INITIATION OF SPORANGIA IN SOME FERNS 

1. Review of published data. 

a) Phenological information. 

The first fact that demands attention 
is the scarcity of annuals among ferns. 
With the exception of some species of 
Salvinia Adamson, Azolla Lam., some Mar- 
sileaceae and some species of Anogramma 
Link. (79), all ferns are perennial plants. 
Among tropical ferns a coincidence has 
been observed between a relatively dry 
season and the time of production of spo- 
rophylls (98). The best known cases of 
seasonal periodicity in the production of 
sporophylls are those of Salvinia natans 
(L.) All. and of the temperate species of 
Osmunda L. Salvinia natans (L.) All. was 
observed to produce sporophylls in the end 
of August at Sendai, Japan (36°16’ N la¬ 
titude) , when the length of the day is 
approximately 10 hrs. 40 min. (142). 
Osmunda einnamomea L. differentiates 
sporangia before the Fall (48) and after 
the preceding Spring (169) . The same an¬ 
nual periodicity was observed by us for 
Osmunda Claytoniana L. growing in Ann 
Arbor, Michigan. The time of growth of 
the already differentiated sporophylls of 
Osmunda einnamomea L. is progressively 
delayed in the year calendar, as we go 
from the Antilles northward (168). This 
fact, as well as the sporadic production of 
fertile leaves by plants of this species in 
the Fall (55), is not pertinent to the ini¬ 
tiation of sporangia, but to the growth 
of the fertile leaf, on which the sporangia 
are already differentiated. 

As is well known, the use of pheno¬ 
logical information as a hint for a preli¬ 
minary choice of objects for studies re¬ 


quires discretion, since experience has al¬ 
ready shown some of the pitfalls of an 
oversimplified attitude. Among these are: 
1) the existence, in some cases of several 
limiting environmental factors, with non¬ 
coinciding annual variations; 2) the exis¬ 
tence, in some plants, of different pro¬ 
cesses leading to similar morphogenetic 
effects; 3) the existence of additive re¬ 
quirements, which are satisfied in succes¬ 
sion in different times of the year; 4) the 
existence of environmental requirements 
which are different for the initiation of 
reproductive structures and for their de¬ 
velopment. In natural conditions the in¬ 
terplay of these processes, disclosed by phy¬ 
siological analysis, may be fairly compli¬ 
cated so that the translation of phenolo¬ 
gical data in physiological terms, and con¬ 
versely, is seldom a straightforward 
matter. 

b) Experiments indicating a day- 

neutral behavior. 

» 

Kaufhold (105) found that photope- 
riodism does not affect the initiation of 
sporangia in the following species of ferns: 
Blechnum spicant (L.) Wither. Matteucia 
struthiopteris (L.) Todaro, Dryopteris spi- 
nulosa (Mull.) Watt, Nephrolepis cordi- 
folia (L.) Presl, Polypodium aureum (L.), 
and Ceratopteris thalictroides (L.) Brongn. 

Chouard (50), in long term experi¬ 
ments, has observed that Asplenium tri - 
c homanes (L.), Asplenium viride Huds., 
Asplenium septentrionale (L.) Hoffm. and 
Dryopteris spinulosa (Mull.) Watt are 
also independent of photoperiodism for 
the initiation of sporangia, although there 
is an annual periodicity in this process. As 
a consequence these species were classi¬ 
fied by him as day-neutral or “photo- 
aperiodical”, since they require light be¬ 
fore and during the stage of reproductive 
differentiation, although this differentia- 
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tion is neither accelerated, nor retarded, 
by photoperiodical treatments. 

Recently Bloom and Voth (31) have 
tried, without success, to induce the for¬ 
mation of sporocarps in Regnellidium di- 
phyllum Lindm. by long-day treatments Q . 
applied to plants grown in nutrient solu- 
tions specifically designed for the species. | q q 
Although in this species photoperiodism 
is not the main environmental factor af¬ 
fecting sporocarp formation, this species 
is not day-neutral, as we shall see in the 
following. 

c) Experiments establishing a short- 

day behavior. 50 

As far as we are aware, the only in¬ 
formation of this nature that can be found 
in the literature is in the work of Nakaya- 
ma (142) with Salvinia natans (L.) All. 

Plants of this species, cultivated in Knopp’s 
nutrient solution, and submitted to con¬ 
tinuous light, do not produce sori, whe¬ 
reas those submitted to short (7 hours) 
days initiate sori very quickly, as shown 
in Fig. 45. 

The experiments by this author indi¬ 
cate a critical night-length between 8 and 
16 hours. 

In this species the percentage of fer¬ 
tile plants (in samples of 50 plants each) 
was shown to be a crescent function of 
the number of floating leaves left in the 
plants, as shown in fig. 46. Also the ave¬ 
rage number of sori formed per plant is 
found to be proportional to the number 
of floating leaves per plant, as shown in 
Fig. 46. 

Some experimental results indicate 
the possibility that a stimulus may be 
formed in the floating leaves and translo¬ 
cated to the young water leaves of the 
nodes kept without floating leaves by de¬ 
foliation, where sori are initiated and de¬ 


veloped. It was also demonstrated that 
no sori are initiated in photoperiodically 
induced plants grown in a nitrogen-defi¬ 
cient nutrient solution (142). 



0 I 234567' 

45 

Fig. 45. Effect of long nights on the production 
of sori in Salvinia natans (L.) All. (from Nakaya- 
ma 142)1. Curve A: Ordinates: percentage of 
plants with sori; abcissae: number of long nights 
given. Curve B: ordinates: average number of 
sori per plant; abcissae: number of long nights 
given. 


2 . 


Behavior 

Forst. 


of Asplenium bulbijerum 


As was mentioned before.this species 
offers some advantages as an object for 
studies on the initiation of sporangia, 
owing to the fact that it forms abundant 
buds in the leaves. These buds develop 
into adventitious plantlets, which are at¬ 
tached to the vascular system of the leaf. 
This peculiarity of organization makes it 
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possible to obtain a uniform clone of plants 
for experiments and also provides the 
possibility of studying the transmission 
of induction for the initiation of sporangia 
from an adult plant to its adventitious 
plantlets. 

As was already noted, during develop¬ 
ment, the leaves of this plant change from 
a typical sterile shape, with broad pin¬ 
nae (fig. 3) to a shape typical of the per- 
tile blade, with narrow pinnae (fig. 4). 

a) Effects of the photoperiod on the 
initiation of sporangia. 

Experiment J|l, (July 21, 1955-Septem- 
ber 17, 1955). 

40 young plants growing at a nursery 



46 

Fig. 46. Effect of the number of floating leaves 
on the production of sori in Salvinia nalans (L.) 
All. in short-day conditions (from data of Naka- 
yama (142)). Percentage of fertile plants and 
number of sori per plant as a function of the 
number of floating leaves per plant. 


in Monrovia, all without fertile leaves, 
were introduced into the Earhart Labora¬ 
tory and planted in a mixture of vermi- 
culite and gravel. These plants were ir- 



Fig. 47. Asplenium bulbiferum Forst. % of fertile, 
plants as a function of time in 8 hour and in 
16 hour photoperiods at 20°C. 

rigated daily with the modified Hoa- 

¥ 

gland’s nutrient solution used in the 
Earhart Laboratory and cultivated at 
20°C, with two different photoperiodic 
treatments. 20 plants received days of 
8 hours of natural light, whereas the other 
20 were given a total photoperiod of 16 
hours (8 hours of sunlight + 8 hours of 
supplementary artificial, incandescent and 
fluorescent light, 400 ft.-c.). Results are 
shown in Table III and in fig. 47. 

These results suggest a quantitative 
long-day behavior of this plant at 20°C. 

Experiment \\2. (September 17, 1955- 
November 5, 1955). 

The purpose of this experiment was 
to observe the effect of very short (4 hr.) 
days on the morphogenesis of the new 
developing leaves of adult fertile plants. 

Nine adult fertile plants, previously 
cultivated at 20°C, 16 hour photoperiods, 
as described in Experiment |fl, were pla¬ 
ced in days of 4 hours at the same tempe- 
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TABLE IH 


Effect of photoperiod on the initiation of sporangia in Asplenium bulbiferum 

Forst at 20°C. 


8 hr. photoperiod 16 hr. photoperiod 


Dates 

Days of 
treatment 

\\ Sterile 
plants 

jf Fertile 
plants 

jf Sterile 
plants 

jj Fertil 
plants 

July 21 

0 

20 

0 

20 

0 

July 26 

5 

20 

0 

19 

1 

Aug. 5 

15 

20 

0 

19 

1 

Aug. 12 

22 

' 20 

0 

18 

2 

Aug. 19 

29 

20 

0 

17 

3 

Aug. 29 

39 

18 

2 

6 

14 

Sept. 3 

44 

17 

3 

2 

18 

Sept. 17 

58 

12 

8 

2 

18 


rature (20°C) and the new leaves, de¬ 
veloped after the beginning of the treat¬ 
ment, were observed periodically. Results 
are presented in Table IV and in fig. 49. 

Leaves developed during the treat¬ 
ment differ from leaves developed at 16 
hour photoperiods by the absence of spo¬ 
rangia and also by a different shape, as 
shown in fig. 48. Since this is the shape 
of the juvenile leaves and since it is known 
that such leaves can be skipped in the de¬ 
velopmental sequence of some ferns by 
an artificial supply of sugars (188), the 
lack of initiation of sporangia in such ex¬ 
treme short days could be due not only 
to an excessive length of the night, but 
also to the excessive shortness of the day. 
It is known, for instance, that for Xan - 
thium pensylvanicum Gandoger, for the 
same inductive dark treatment, the rate 
of flower development is minimum in the 
winter months (160). This effect was at¬ 
tributed to the low light intensity pre¬ 
vailing in these months and it was shown 
experimentally by Liverman and Bon¬ 
ner (123) that this effect can be overcome 
by administration of sugars and Krebs — 


cycle acids to the plants during the induc¬ 
tive dark period. Therefore it was de¬ 
cided to observe the effect of the length 
of the night in cycles of 48 hours, 
since the use of this cycle allows treat¬ 
ments by long nights and long days 
simultaneously. 

However, since the adventitious plan- 
tlets appear as fertile and as sterile plants, 
before this experiment could be done it 
was necessary to ascertain whether iso¬ 
lated fertile plants continue the produc¬ 
tion of fertile fronds after separation from 
the adult plant, in short and in long days. 
If this were the case, fertile and sterile 
plantlets would not be in comparable 
physiological conditions after isolation 
from an adult plant and even sterile plan¬ 
tlets could be already induced if attached 
to adult plants in long days. Practically 
this would require the growing of adult 
plants under nights of 24 hours, in 48 hour 
cycles, for very long periods, in order to 
use their advertitious plantlets as non- 
induced objects for the planned experi¬ 
ment. Fortunately, a parallel series of 
experiments had been started in order to 
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TABLE IV 


Effect of 4 hour photoperiods on the initiation of Sporangia in Asplenium bul- 

biferum Forst at 20“C 



Days of 

}f of plants with t' 

Dates 

treatment 

leaf fertile 

Sept. 17 

0 

9 

Sept. 24 

7 

8 

Oct. 1 

14 

8 

Oct. 6 

19 

6 

Oct. 16 

29 

4 

Oct. 23 

36 

4 

Oct. 30 

43 

1 

Nov. 6 

50 

0 



Fig. 48. Asplenium bulbiferum Forst. Effect of 4 hour photoperiocls at 20°C 
on leaf development. Left: fertile frond developed in 16 hour photoperiod. 
Right: sterile frond developed in 4 hour photoperiod. 


investigate the behavior of adventitious 
plants after isolation from the adult plant, 
and their results made unnecessary the 
use of this time-consuming precaution. 

b) Behavior of adventitious plants 
after isolation from the adult 
plant. 


Experiment |f3. (July 19, 1955-Octo- 
ber 8, 1955) 

Ninety-five adventitious plantlets with 
fertile leaves, developed from an adult 
plant grown at 20°C from 8,00 a.m. to 
4:00 p.m. and at 14°C from 4:00 p.m. to 
8:00 a.m., natural photoperiod, were se¬ 
parated from the “mother-plant” and plan- 
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ted in vermiculite moinstened from below 
with nutrient solution. Excessive evapo¬ 
ration was prevented by shielding the 
plant containers with transparent plastic 
covers. The isolated adventitious plants 
were kept in the same conditions prevai¬ 
ling in the culture of their “mother-plant”. 

Under these conditions roots and new 
leaves were developed, but not a single 
fertile leaf, whereas, in the same environ¬ 
mental conditions, the adult plant, as well 
as their attached adventitious plantlets, 
continued producing fertile leaves. The 
change in leaf morphology was already 
apparent in the first leaf developed after 
separation from the adult plant. Leaves 
produced after isolation of the adventi¬ 
tious plants had much broader pinnae, 
typical of the sterile leaves (see figs. 50, 
51, 52). 

Experiment jf4. (September 9, 1955- 
January 31, 1956). 

In the beginning of September, 1955 
it was already apparent in the plants of 
Experiment ffl that long day conditions 
at 20°C accelerated the production of fer¬ 
tile leaves in this species. On the other 
hand, it was also apparent, in plants of 
Experiment ]{3, that separation of ad¬ 
ventitious plantlets from the adult plant 
leads to the loss of the ability to initiate 
sporangia, under the conditions of Ex¬ 
periment p. Therefore, it was decided 
to start another experiment, in which 
originally fertile and originally sterile 
adventitious plantlets were separated from 
the leaves of adult plants and given 16 
hours photoperiods (8 hours sunlight and 
8 hours artificial light, as in Experiment 
HI), at constant temperature (20°C). 

Ten fertile plantlets and 10 sterile 
plantlets, from the same source used in 
Experiment p were submitted to this, 
treatment for a long period of time, in 


order to ascertain wherther originally 
fertile plantlets would start initiation of 
sporangia earlier than originally sterile 
plantlets. The results are given in Ta¬ 
ble V. (See also fig. 53). The absence of 
fertile leaves in the period that follows 



Fig. 49. Asplenium bulbiferum Forst. % of plants 
with last developed leaf with sporangia as a 
function of time, in 4 hour photoperiods at 20°C. 

immediately the isolation of the buds is 
not due to absence of new leaves in this 
period. The plants continued to produce 
new leaves, but these were sterile. These 
results indicate that the originally fertile 
plants have no advantage over the origi¬ 
nally sterile plants in recovering the ca¬ 
pacity of initiating sporangia under favo¬ 
rable photoperiodic conditions. It also ve¬ 
rifies the observation that adventitious 
plants lose the ability to initiate sporan¬ 
gia upon separation from the adult plant. 
Since this capacity is not lost in fertile 
plantlets that remain attached to the adult 
plant, these results are taken as evidence 
that early initiation of sporangia in ad- 
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TABLE V 


Effect of isolation of fertile and sterile 

adventitious plants, grown in 16 hour 



photoperiods at 20°C, in the 

production of sporangia. 




Originally fertile 

Originally sterile 

Dates 


Days of 

plantlets. 

plantlets. 



treatment 

If of plants with 

W of plants with 




new fertile leaves 

new fertile leaves 

1955 





Sept. 

9 

0 

—- 

— 

Sept. 17 

8 

0 

0 

Sept. 24 

15 

0 

0 

Oct. 

1 

22 

0 

0 

Oct. 

8 

29 

0 

0 

Oct. 

15 

36 

0 

0 

Oct. 

22 

43 

0 

4 

Oct. 

29 

50 

1 

4 

Nov. 

5 

57 

3 

5 

Nov. 

9 

61 

4 

5 

Nov. 

12 

64 

4 

6 

Nov. 

19 

71 

4 

6 

Nov. 

26 

78 

4 

6 

Dec. 

3 

85 

5 

6 

Dec. 

16 

98 

6 

6 

Dec. 

31 

113 

6 

6 

1956 





Jan. 

31 

144 

10 

10 

ventitious plants requires the vascular at- 

Experiment ||5. 

(October 24, 1956- 

tachment 

to 

the leaf of the adult nlant. 

June 16, 1957). 


Since 

after isolation from the adult 

Forty-eight adventitious plants were 




isolated from an adult plant grown at 

plant no residual effect was found of the 

20°C, 16 hour photoperiod and rooted in 

previous induction of the initiation of spo- 

a moist chamber, in 

the same conditions 

rangia, it 

is 

safe to use adventitious plan- 

(20°C, 16 hour photoperiod). They were 

tlets in order to test the effects of long 

divided in 4 equal groups and given the 

nights in 

48 hour cycles. 

following treatments: 


Group 


Hours of sunlight 

Hours of artificial 

Hours of 




light (500 ft. c.) 

darkness 

1 


8 

16 

24 

2 


8 

17 

23 

3 


8 

18 

22 

4 


8 

24 

16 
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Results of periodic observations are 
shown in Table VI, and in fig. 54. 

These results show that, for the ini¬ 
tiation of sporangia, Asplenium bulbife¬ 
rum behaves as a long-day plant with a 


3. Behavior of Osmunda Claytoniana L. 

a) Annual cycle of development. 

Osmunda Claytoniana L. is a species 
found in two separate areas: East and 
Middle West of North America and Orien- 



Fig. 50. Asplenium bulbiferum Forst. Fertile leaf developed in adventitious bud, 
while still attached to adult fertile leaf. Dots in soral areas mark ripened sporangia. 
Fig. 51. Asplenium bulbiferum Forst. First leaf of adventitious bud, developed after 
isolation of bud from adult plant. Fig. 52. Asplenium bulbiferum Forst. Second leaf 
of adventitious bud, developed after isolation of bud from adult plant. 


critical night-length of 23 hours in 48 
hour cycles. The initiation of sporangia 
in this plant, in natural, 24 hour cycles 
at 20°C is not limited by photoperiodism 
in a qualitative manner, since, in such 
cycles, nights can scarcely be long enough 
to constitute a limiting factor before the 
shortness of the day also becomes a li¬ 
miting factor. 


tal Asia (79). It is a perennial plant with 
a well defined annual cycle of develop¬ 
ment, In the Spring the sporophylls grow 
first and are followed, throughout the 
Spring and the Summer by trophophylls. 
All adult leaves die in the Fall and growth 
is resumed in the following Spring. A dis¬ 
section of a rhizome apex in the Fall shows 
all types of leaves, which are, in acropetal 
succession: cataphylls, sporophylls, tro¬ 
phophylls and undifferentiated leaves. 
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TABLE VI 

Effect of the length of the night on the initiation of sporangia in young plants of 
Asplenium bulbiferum Forst cultivated in 48 hour cycles at 20°C. 


24 hr. dark 23 hr. dark 22 hr. dark 16 hr. dark 


Days of }j fertile \\ fertile \\ fertile |) fertile 

Dates treatment plants % plants % plants % plants % 


1956 


Oct. 

24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Nov. 

13 

20 

0 

0 

0 

0 

0 

0 

0 

0 

Dec. 

3 

40 

0 

0 

0 

0 

0 

0 

0 

0 

Dec. 

23 

60 

0 

0 

0 

0 

0 

0 

0 

0 


1957 


Jan. 

12 

80 

0 

0 

0 

0 

0 

0 

0 

0 

Feb. 

1 

100 

0 

0 

0 

0 

0 

0 

0 

0 

Feb. 

21 

120 

0 

0 

0 

0 

0 

0 

0 

0 

March 

3 

130 

0 

0 

0 

0 

0 

0 

0 

0 

March 

13 

140 

0 

0 

0 

0 

0 

0 

0 

0 

March 

23 

150 

0 

0 

0 

0 

0 ► 

0 

0 

0 

April 

2 

160 

0 

0 

0 

0 

0 

0 

0 

0 

April 

12 

170 

0 

0 

0 

0 

0 

0 

0 

0 

April 

17 

175 

0 

0 

0 

0 

2 

16 

3 

25 

April 

22 

180 

0 

0 

0 

0 

4 

33 

5 

42 

April 

27 

185 

0 

0 

0 

0 

4 

33 

6 

50 

May 

7 

195 

0 

0 

0 

0 

5 

42 

9 

75 

May 

17 

205 

0 

0 

0 

0 

6 

50 

10 

83 

May 

27 

215 

0 

0 

0 

0 

7 

58 

11 

91 

June 

6 

225 

0 

0 

0 

0 

8 

66 

12 

100 

June 

16 

235 

0 

0 

0 

0 

8 

66 

— 

— 


Undifferentiated leaves. 

These leaves show a flattened base, 
circinate vernation and pinnae developing 
in acropetal succession. The pinnae are 
club shaped, not flattened, white, with 
sligthly wavy margins. The length of the 
pinnae and the number of marginal un¬ 
dulations decreases from the base to the 
apex of the frond (see figs. 55, 56, 62). 


Sporophylls. 

The differentiation of these leaves, as 
far as the fertile pinnae are concerned, is 
virtually completed in the Fall, when spo¬ 
rangia are already in a very advanced 
stage of development. Fig. 57 shows a 
young fertile frond, with a basal sterile 
pinna and a fragment of a fertile pinna 
drawn at the same scale. 
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Fig. 53. Asplenium bulbiferum Forst. An isolated 
adventitious plantlet with 4 developed leaves: 
t. Fertile leaf, developed when the bud was still 
attached to adult leaf; II, III, IV sterile leaves 
developed after isolation of the bud; 

V. Young leaf. 


The first fact that draws attention 
in this type of leaf is its general organi¬ 
zation, with a basal set of sterile pinnae, 
an intermediate set of fertile pinnae and 
an apical set of sterile pinnae (see figs. 
31, 32). 

Dissection of young sporophylls re¬ 
veals the existence of a double longitu¬ 
dinal gradient of development of their 
pinnae. Starting from a pinna which is 
usually the fifth, development is progres¬ 
sively retarded both towards the base and 
towards the tip of the frond. This se¬ 
quence of development is morphologically 
expressed by three features: the number 
of segments of the pinna, the shape of the 
margin and the color. 

Fertile pinnae with already differen- 



Fig. 54. Effect of the length of the dark period on the initiation of sporangia in 
Asplenium bulbiferum, Forst (48 hr. cycles). 
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55 



Fig. 55. Osmunda Clayioniana L. Pinnae of an undifferentiated leaf. 



Fig. 56. Osmunda Clayioniana L. Pinnae of an undifferentiated leaf. 


tiated sporangia are conspicuous in the 
frond by a much deeper green color, as 
compared with the sterile pinnae of the 
same frond. This difference is already 
apparent in the young fertile pinna, when 
the sporangia are being initiated and the 
green color fades in successive pinnae 
further to the base and to the tip of the 
frond. 

The shape of the margin of the pinnae 
shows a similar variation. The first mor¬ 
phological sign of the initiation of spo¬ 
rangia is the splitting of the marginal 
crenations by a plane parallel to the plane 
of the pinna blade, forming two lips at 
each crenation, which appear partially su¬ 
perimposed in face view (see pinna IV in 
fig. 58 and fig. 59). Thus every crenation 
of the margin of the undifferentiated pinna 
is replaced, in the young fertile pinna, 
by a stacked pair of round marginal pro¬ 
jections. Each of these marginal projec¬ 


tions is a meristem that will produce a 
sporangium. During subsequent stages of 
development the sporangia gradually read¬ 
just their positions, sliding from the mar¬ 
gin to the surface of the narrow blade of 
the fertile pinna. This produces the 
crowded appearance of the adult fertile 
pinna (Fig. 57, bottom, right). 

Observation of fertile pinnae in early 
stages of development is possible by the 
fact that sporophylls develop in acrope- 
tal sequence in the rhizome. The stages 
in development, as revealed by the above 
described changes in the shape of the 
margin of the pinna, show.a gradual delay 
in different pinnae of the same frond, both 
basewards and tipwards. 

Likewise, the number of segments of 
the pinna decreases towards the base and 
towards the tip of the frond. 

The progressive delay of differentia¬ 
tion of fertile pinnae in both longitudi- 




ARQUIVOS DO MUSEU NACIONAL — VOL. XLVI — 1958 


155 


nal directions makes understandable that 
the sporangial differentiation will beco¬ 
me less stable as we consider pinnae more 
removed from the one that started diffe¬ 
rentiation first (usually it is the fifth). 
Thus, it is not surprising that the abnormal 
pinnae would be found so often in the li¬ 
mits of the fertile and sterile regions of 
the sporophyll. 

Another conspicuous characteristic of 
the development of the sporophyll is that 
the pinnae of the apical part of the frond, 
following the fertile pinnae, are rather 
slow in their differentiation, remaining 
relatively undifferentiated when the basal 
pinnae are already clearly determined. 

Trophophylls. 

The differentiation of the pinnae of 
trophophylls is entirely similar to that of 


color of the pinnae remains a pale yello¬ 
wish green till the unfolding of the leaf, 
the blade is progressively flatened and cut 
in pinnate segments; the indentation of the 
margin is always smooth and undulated. 

Cataphylls. 

In this species cataphylls are general¬ 
ly similar to those described by Steeves 
and Wetmore for Osmunda cinnamonea 
(189). The base of such leaves is broa¬ 
der and more fleshy than in trophophylls 
and sporophylls and the lateral “wings” 
are much broader. The phyllopodium re¬ 
gion is, as in the other types of leaves, 
densely covered with hairs (white is spo¬ 
rophylls, trophophylls and undifferentia¬ 
ted leaves, red-brown in cataphylls) and, 
upon dissection, the pinnae of such lea- 



Fig. 57. Osmunda Claytoniana L. Left: Apical bud with young leaves and 
adventitious roots. Top row: Two cataphylls and a series of pinnae of a 
cataphyll in acropetal order. Bottom row: A young sporophyll, one of its 
sterile pinnae and a fragment of a fertile pinnae. 

the sterile pinnae of the sporophylls. ves are found to be brown and dead. Corn- 
Fig. 60 shows the longitudinal sequence parison of pinnae of cataphylls (fig. 61) 
of pinnae of a young trophophyll. The with those of undifferentiated leaves (fig. 
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TABLE VII 


Types of leaf found in the rhizome apices of 10 plants of Osmunda Claytoniana L. 

harvested during the Winter 


Plant \\ 


Adult, fully 
differentiated 
leaves 


Young leaves, 
with pinnae, 
but undifferentiated 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


17 

9 

10 

8 

11 

15 

14 

14 

13 

8 


6 

5 

6 

5 
8 

4 

6 

5 
5 
4 


62), of young sporophylls and of young 
trophophylls, shows that, in different ca- 
taphylls, the pinnate part of the frond 
may have been killed in different stages, 
varying from those of very young undif¬ 




ferentiated leaves, to those of completely 


differentiated sporophylls, with fully de¬ 
veloped sporangia. All these types of ca- 
taphyll can be found in the rhizome of 
plants developed under controlled condi¬ 
tions (17°C, days of 8 hours). It is impos¬ 
sible to draw a line between the different 
types of young leaves which bear necrotic 


pinnate region. The cataphylls are then 


characterized by a much broader leaf base 
and by the presence of necrosed pinnae. 


Stage of differentiation of young leaves 


at the beginning of the annual cycle. 


In order to ascertain the stage of dif¬ 
ferentiation of young leaves at the be¬ 
ginning of the annual cycle of develop- 


58 


ment 10 adult plants were dissected, from 


7 


a shipment harvested during' the Winter 


Fig. 58. Osmunda Claytoniana L. Some of the 
basal pinnae of a developing sporophyll, in acro- 
petal order. 


of 1956 originating from the living collec¬ 
tions of Isaac Longley Williams, Exeter, 
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New Hampshire. Results are presented 
in Table VII. 

As may be seen the leaves differen¬ 
tiated in the previous year are followed 
by undifferentiated leaves only. 

The same fact becomes apparent when 
plants harvested before the end of the 
Winter are cultivated in low temperature. 
In these conditions differentiation of the 
leaves is slowed down and the original 
winter-condition is essentially retained. 
This may be seen by results of Experiment 
Jf6. (March 20, 1957-June 14, 1957). 

Nineteen plants from the source men¬ 
tioned above were harvested in the Winter 
of 1957 and grown at the Earhart Labo¬ 
ratory at 10°C, artificial light (400 ft. c.); 
9 plants were grown in days of 8 hours 
and 10 plants in days of 24 hours (conti¬ 
nuous light). After 86 days the plants 



Fig. 59. Osmunda Claylo- 
niana L. Fertile pinna just 
before sporangia are 
initiated. 

were havested and individually dissected; 
the following results were obtained (see 
Table VIII). In the counting of the num¬ 
ber of undifferentiated leaves we have 
included here all leaves beyond the stage 
in which the most advanced pinna is a 
single-lobe structure, as shown in the bot¬ 
tom of fig. 62. 


TABLE VIII 

Types of leaf developed in plants of Osmunda Claytoniana L. grown at 10°C for 

86 days 

C — cataphyll T = trophophyll 


8 hr. photoperiod 


24 hr. photoperiod 


Plant || 


Adult Young, diffe- 

leaves rentlated Undiff. 


Adult Young, diffe- 

leaves rentiated Undiff. 


1 

2 

3 

4 

5 

6 

7 

8 
9 


2 

3 
8 
8 
9 

4 

5 

6 
5 
3 


0 12 

0 9 

0 7 

0 5 

0 8 

0 9 

1 (C) 4 

0 4 

0 5 

1 (C) 4 


8 

9 

8 

6 

8 

7 

7 

8 
7 


1 (T) 
1 (T) 
1 (T) 
1 (T) 
1 (T) 
0 
0 

1 (C) 

2 (T) 


8 

7 

8 

7 
6 
6 

11 

13 

8 


7 0 7 

3 1 (T) 6 


10 
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TABLE IX 

Types of leaf developed in plants of Osmunda Claytoniana L. grown at 17°C, 

8 hour photoperiods, for 86 days 

C = cataphyll 

S = sporophyll 

U = undifferentiated leaf 


Young leaves 


Plant Adult 


It 

leaves 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 12 

1 

15 

C 

c 

u 

s 

s 

s 

s 

s 

s 

u 

u u 

2 

10 

c 

c 

u 

u 

s 

u 

u 

u 

u 

u 

u u 

3 

17 

u 

u 

u 

u 

u 

u 




¥■ 


4 

12 

c 

c 

c 

c 

c 

u 

s 

s 

u 

u 

u 


10 

c 

c 

c 

c 

c 

c 

c 

c 

u 

u 

u 

5 

11 

c 

c 

u 

s 

u 

u 

u 

u 





8 

c 

u 

u 

u 








6 

9 

c 

c 

c 

s 

s 

s 

s 

u 

u 

u 



10 

c 

c 

u 

s 

s 

u 

u 

u 




7 

10 

c 

c 

c 

u 

u 

u 

u 

u 




8 

2 

c 

c 

u 

u 

u 








5 

c 

c 

c 

s 

u 

u 

u 

u 

u 



9 

18 

c 

c 

c 

c 

s 

s 

s 

s 

s 

s 

s s 

10 

12 

c 

c 

c 

c 

c 

c 

c 

u 

s 

s 

s u 















ARQUIVOS DO MUSEU NACIONAL — VOL. XLVI — 1953 


159 


The fact that at the end of the Winter 
plants still have almost no differentiated 
young leaves, taken together with the fact 
that cataphylls, young sporophylls and 
young trophophylls are already differen¬ 
tiated in the Fall shows that differentia¬ 
tion of leaves in this species is performed 
during the Spring and Summer months. ■ 


red in moist vermiculite in a cold room 
at 4°C, days of 8 hours (artificial light), 
till the beginning of the experiment (*)■ 
On October 24, 1956, these plants were 
planted in individual crocks, in a mixture 
of vermiculite and gravel and irrigated 
daily with the laboratory nutrient solu¬ 
tion. They were cultivated at 17°C, days 



Fig. 60. Osmunda Clayloniana L. Pinnae of a young trophophyll. 


b) Relations between sporophylls and 
cataphylls. 

1. In conditions that allow the de¬ 
velopment of these two types of leaves: 

a) cataphylls precede sporophylls in 
the sequence of leaves in the terminal 
bud; 

b) there may be undifferentiated 
leaves between the last cataphyll and the 
first sporophyll. 

This is shown by the results of the 
following experiment: 

Experiment }f7. (October 24, 1956- 
March 23, 1957). 

Twenty adult plants, from a shipment 
harvested at Exeter, New Sampshire, du¬ 
ring the late Winter of 1955-56 were sto- 


of 8 hours (sunlight). The leaves diffe¬ 
rentiated between the Spring and the Fall 
of 1955 developed well, but they were not 
taken into account in judging the results 
of the treatment given, because they were 
determined before such treatment was 
started. After 86 days (January 18, 1957) 
10 plants were dissected and the indivi¬ 
dual leaves examined in a dissecting mi¬ 
croscope. The results presented in Ta¬ 
ble IX give, for each plant, the succession 
of leaf types in acropetal order in the 
rhizome tip. 

Similar results are observed in: 

Experiment ||'8. (October 24, 1956-Janua¬ 
ry 18, 1957). 


(") This delay was indispensable, since the 
experiment was designed as one of long duration 
and it would have to be interrupted if started 
before the Summer of 1956, due to the temporary 
shutdown of the Earhart Laboratory for repairs. 
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Fig. 61. Necrotic pinnae of different cataphylls of Osmunda Clayioniana L„ showing 
the fact that cataphyss may be made, in this species, from leaves in different stages 

of development. 


Twenty plants of the same source 
used in Experimenty 7 were cultivated at 
17°C, in continuous light (sunlight from 
8:00 a.m. to 4:00 p.m. and supplementary 
artificial light 400 ft.c. for the rest of the 
time). After 86 days the plants were har¬ 
vested and dissected. Results are given 
in Table X. 


2. In conditions that allow develop¬ 
ment of cataphylls and sporo- 
phylls, when the annual cycle of 
development ceases: 

a) undifferentiated leaves between 
the last cataphyll and the first sporophyll 
tend to disappear; 
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b) occasionally the first sporophylls 
undergo a necrosis of the pinnae and thus 
become cataphylls; 

c) the sequence of leaves in the ter¬ 
minal bud is: cataphylls-sporophylls-tro- 
phophylls-undifferentiated leaves. 

This is shown by the results of the 
continuation of Experiment j|7. 

Experiment }f7 (continuation). 

After 140 days of culture at 17°C, 8 
hour photoperiod (March 12, 1957) all 
adult leaves developed since the begin¬ 


ning of the treatment were dead and no 
new leaves were growing. One hundred 
fifty days after the beginning of the ex¬ 
periment the 9 remaining plants were dis¬ 
sected (1 plant died). Results are shown 
in Table XI. 

Comparison of this table with Ta¬ 
ble IX shows that there has been an in¬ 
crease in the number of cataphylls, at the 
expense of the “cataphyllization” of the 
undifferentiated leaves that, at the initial 
stages of the developmental period, stood 
between the last cataphylls and the first 


table x 


Types of leaf developed in plants of Osmunda Claytoniana L. grown at 17°C, 

continuous light for 86 days 

C = cataphyll; S = sporophyll; U = undifferentiated leaf 


Young leaves 


Plant 

tt 

Adult 

leaves 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 14 15 16 1? 18 

1 

10 

C 

c 

c 

u 
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s 

s 

s 

u 

u u 









8 
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c 

u 

u 

u 

u 

u 

u 

u 

u u 








2 

20 

s 

s 

s 

s 

u 

u 

u 












3 

17 

c 

c 

c 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

u 

4 

14 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

u 

u 

u 
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c 

c 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

u 

u 

u 



5 

19 

s 

s 

s 

s 

s 

s 

s 

s 

u 

u 

u 








6 

21 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

u 

u 

u 





7 

14 
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s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

u 

u 

u 

8 

13 

c 

c 

c 

c 

sc 

s 

s 

s 

s 

s 

s 

s 

s 

u 

u 

u 



9 

11 

c 

c 

c 

c 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

10 

10 

s 

s 

s 

s 

s 

u 

u 

u 












8 

c 

s 

s 

s 

s 

s 

s 

u 

u 

u 










19 20 21 22 23 


U U 


S S U U U 
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TABLE XI 


Types of leaf developed in plants of Osmunda Claytoniana L. grown at 17"C, 

8 hour photoperiod, for 150 days 

C = cataphyll; S = sporophyll; T = trophophyll; U = undifferentiated leaf 


Young leaves 


Plant Adult 


Ji 

leaves 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

; 14 

15 

16 

17 

18 

19 

20 

21 22 

11 

0 

c 

c 

c 

s 

s 

s 

s 

s 

s 

s 

T 

T 

T 

T 

T 

U 

U 

U 




12 

0 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

C 

C 

C 

c 

T 

T 

_ 

T 

T T 


0 

c 

c 

c 

c 

c 

c 

u 

s 

s 

s 

S 

S 

s 

S 

T 

u 

U 

U 




13 

0 

c 

c 

u 

sc 

s 

s 

s 

s 

u 

u 

u 











14 

0 

c 

c 

c 

sc 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

S 

s 

s 

T 

U 

U 

U 

15 

0 

c 

c 

c 

c 

c 

s 

s 

s 

s 

T 

T 

T 

T 

T 

T 

u 

u 

U 




16 

0 

c 

c 

c 

c 

c 

s 

s 

s 

s 

s 

s 

S 

S 

T 

T 

T 

T 

U 

u 

U 


17 

0 

c 

sc 

sc 

s 

s 

s 

'-'1 

s 

s 

T 

T 

T 

T 

U 

U 

U 







0 

c 

c 

c 

c 

s 

s 

T 

T 

T 

T 

U 

u 

U 









18 

0 

c 

c 

c 

c 

c 

s 

s 

T 

T 

T 

T 

T 

T 

T 

U 

u 

u 





19 

0 

c 

c 

c 

c 

c 

s 

s 

s 

s 

T 

U 

U 

U 
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sc 

sc 

sc 

c 

c 

c 

c 

0 

c 

C 

c 

C 

C 

s 

s 

s 

s 

T 

U 

u u 


sporophylls. This shows that, in these con¬ 
ditions, the two types of leaf destiny (ca- 
taphyllization and differentiation as spo¬ 
rophylls) take place simultaneously in the 
apical bud of the stem, both types of leaf 
determination progressing towards the tip 
of the bud. 


3. 


It is possible to minimize the for¬ 
mation of cataphylls without stop¬ 
ping the differentiation of spo¬ 
rophylls. 

This is shown by the results of the 
following experiment. 

Experiment H9. (October 24, 1956-Ja- 
nuary 18, 1957). 


Twenty plants belonging to the same 
shipment described in the preceding ex¬ 
periment were cultivated at 26"C, in pho¬ 
toperiods of 8 hours (sunlight). The plants 
developed well and 10 of them were har¬ 
vested, stored in a cold room (4°C, 8 hour 
photoperiod) and dissected 2 days later. 
Results are shown in Table XII. 

A similar result was obtained in: 

Experiment jflO. (October 24, 1956- 
January 18, 1957). 

Twenty plants (same source as in Ex¬ 
periments ff7 and Jf8) were grown at 26°C, 
in continuous light (sunlight from 8:00 
a.m. to 4:00 p.m. and artificial light the 
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the rest of the time, 400 ft. c.). After 86 
days 10 plants were harvested stored for 
1 day in a cold room (4°C, 8 hours of 
light) and dissected. Results are given in 
Table XIII. 

Considering the results of Experi¬ 
ments Jf7, 8, 9, and 10, together with the 
observations on the annual cycle of leaf 
development, we see that: 

a) cataphylls precede sporophylls in 
the annual set of leaves; 

b) formation of cataphylls may be 


minimized by environmental conditions 
(26°C, both in short and in long-day con¬ 
ditions), without decreasing the formation 
of sporophylls; 

c) occasionally sporophylls that are 
already differentiated can be transformed 
into cataphylls. 

As the determination of a leaf as a 
sporophyll or as a cataphyll results from 
processes that may or may not take place 
simultaneously in the same bud and that, 
when they take place in the same bud, 


TABLE XII 


Types of leaf developed in plants of Osmunda Claytoniana L. grown at 26 J C, 

8 hour photoperiods, for 86 days 
C = cataphyll 
S = sporophyll 
U .— undifferentiated leaf 


Young leaves 


Plant 

If' 

Adult 

leaves 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 

12 

S 

s 

s 

s 

s 

s 

s 

u 

u 

u 
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u 

u 
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u 

u 
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21 

s 

s 

s 
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s 

s 
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s 

s 

u 

u 

u 

7 

14 

c 

c 

s 
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u 

u 

u 
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u 
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12 
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s 
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TABLE XIII 

Types of leaf developed in plants of Osmund a Claytoniana L. grown at 26"C, 

continuous light, for 86 days 
C = cataphyll 
S = sporophyll 
U — undifferentiated leaf 


Young leaves 


6 7 8 9 10 


Plant Adult 

leaves 

1 14 

2 15 
16 

3 14 

4 16 

5 18 
18 

6 16 

7 13 
20 

8 13 

9 18 

10 11 

11 


1 2 3 4 5 

S S S S S 

S S S S S 

S S S S U 

S S S S U 

S S S S S 

s s s s s 

u u u 

s s s s s 

c u u s s 

c c c u s 

u s s s s 

c s s s s 

u u u u u 

u u u u u 


s s s s s 

s s u u u 

u u 

u u 

s s s s s 

s s s s s 

► 

s s s u u 

s s s u u 

s s s s s 

s s u u u 

u u u 

u 

u 


11 12 13 14 15 16 

s s s u u u 


u u u 
s u u u 

u 

u 

s u u u 


may or may not be superimposed in the 
same leaf, it is concluded that these are 
distinct processes. 

c) Effects of photoperiod and tem¬ 
perature on the initiation of 
sporangia. 

Data presented in Tables IX, X, XII, 
XIII are summarized in Table XIV. 


These data indicate that reactions of 
this plant to photoperiod and temperature 
both for the determination of cataphylls 
and for the determination of sporophylls 
are of the quantitative type. 

At 26°C cataphyll formation is scarce, 
irrespective of the photoperiod, whereas 
sporophyll formation is abundant, also ir¬ 
respective of the photoperiod. 

At 17°C cataphyll formation seems to 
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be stimulated by short days, and sporo- 
phyll formation depressed. 

The fact that, even in controlled con¬ 
ditions, the annual succession of leaves is 
maintained shows that it is not yet pos¬ 
sible to correlate these experimental data 
with the observations made in plants de¬ 
veloped in natural conditions. The re¬ 
sults of these experiments show trends 
of variation of the two morphogenetic pro¬ 
cesses with temperature and photoperiod. 
An exact delimitation of the environmen¬ 
tal requeriments of these processes re¬ 
quires additional experimental data that 


could not be obtained within the time li¬ 
mits of this research. 

There are two facts which suggest 
that the initiation of sporangia in this 
species is stimulated by high temperatures 
and long days. 

The first is that this type of differen¬ 
tiation predominates in the young leaves 
of the terminal bud at 26°C, both in con¬ 
tinuous light and in short (8 hour) days 
and at 17°C in continuous light. 

The second is that in plants grown at 
26°C, in continuous light, sporophylls are 
formed with all pinnae of the frond, ex- 


TABLE XIV 

Effect of photoperiod and temperature on the differentiation of leaf primordia 

in Osmunda Ciaytoniana L. 


Temperature 


Photoperiod 


Average ft of differen¬ 
tiated leaves 


average ft 
per plant 


>» 

.c 

a 

o3 

4-2 

o 


% of the 
average 
|| of diff. 
leaves 


to 

.a 

a 

o 

j-i 

o 

a 

m 


average || 
per plant 


% of the 
average 
|| of diff. 
leaves 


[ 


26?C 

1 

17<?C 

1 1 

24 hr. 

1 __ _ __ 

8 hr. 

i 

24 hr. 

_;.. 1 

8 hr. 

8.1-el.4 

! 

5.9 h- 1.1 

1 

12.9 + 1.8 1 

7.2 + 1.8 

j 

0.5+0.4 

0.3 + 0.7 

2.1 + 0.5 

i 

4.4 + 1.1 

| 6% | 

5% | 

! 

hi % 

1 

61% 

7.6 + 1.2 

! 

1 

i 

i 

4.9±1.1 

\ 

1 

1 

; 10.8+1.7 

2.8+0 .0 

94% 

83% 

84% 

i 

1 

38% 


(Errors given with the averages are sta idard errors of the mean). 
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cept the basal set, differentiated as fertile 
pinnae (see figs. 63, 64, 65). This is not 
the normal ..condition in this species and 
shows an increment in the initiation of 
sporangia along the individual sporophyll. 
In these conditions some leaves display 
also, in the terminal pinnae, abnormali¬ 
ties that show a mixed pattern of develop¬ 
ment (fertile and sterile). (Fig. 66). 


was necessary to consult a more thorough 
taxonomical work. Hertzog’s review (95) 
satisfies this requirement and is based on 
a broad world collection. According to this 
review the material used in the experi¬ 
ments is Salvinia rotundifolia Willd. (tall 
papillae (1-3 mm), tapering in shape, with 
a terminal corymb of 3-4 uniseriate hairs, 
with free end cells; papillae over the sur- 



Fig. 62. Pinnae of undifferentiated young leaves of Osmunda Ciayrcniana L. 


4. Behavior of Salvinia rotundifolia. 

Willd. 

Living plants of this species were ob¬ 
tained from Florida and cultivated in the 
Earhart Laboratory. 

According to Sabedeck’s review of the 
genus Salvinia Adans. (159) this species 
should be Salvinia minima Baker (leaves 
almost round and almost sessile). Since 
the key for determination of Salvinia spe¬ 
cies in the above mentioned review ma¬ 
kes use of rather imprecise characters, it 


face of the leaf and not only in the margin, 
in rows between the veins, furrowed adult 
leaves, lemon-shaped sori, “sausage”-sha- 
ped placenta). In fact the two determi¬ 
nations are not conflicting, since Salvinia 
minima Baker is now a synonym of Sal¬ 
vinia rotundifolia Willd. Unfortunately 
the numerous attempts made to obtain li¬ 
ving specimens of Salvinia natans for ex¬ 
periments failed repeatedly, but the plants 
received dead made possible a morpholo¬ 
gical comparison of the two Salvinias 
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which confirm the fact that the plant used 
in our experiments is not Salvinia na- 
tans (L.) All. 

Salvinia rotundifolia (Willd.) is found 
in Tropical America, from Mexico to Sou¬ 
thern Brazil (95). 


responds to that of the last dichotomies 
of the water leaves. 

a) Effects of continuous light at dif-. 
ferent temperatures. 

As this species had never been stu- 



Fig. 63. Osmunda Claytoniana L. Plant with sporophylls fertile 
to the top (26°C, continuous light). 


Figs. 67 to 70 show the main features 
of the plant. The water leaves, where 
sori are developed, are basically construc¬ 
ted according to the vascular plan of the 
floating leaves (fig. 70), in spite of the ab¬ 
sence of anastomosing veins in the water 
leaves. The position of the sori thus cor- 


died before it was necessary to investigate 
whether the behavior in continuous light 
is uniform at different temperatures. The 
temperatures referred to are air tempera¬ 
tures maintained by the air conditioning- 
system of the Earhart Plant Research 
Laboratory. 
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TABLE XIV 

Effects of' continuous light at different temperatures on the initiation of spo¬ 
rangia in Salvinia rotundifolia Willd. 


Days of treatment 


0 


10 


20 


30 


Tempe- ff plants 

ratures Dates with sori Dates 


|f plants If plants |f plants 

with sori Dates with sori Dates with sori 


30? Oct. 10 0 Nov. 9 

1955 1955 


Nov. 19 
1955 


Nov. 29 0 


26? 


23? 


Dec. 10 
1955 


0 


Dec. 20 
1955 


Dec. 30 
1955 


0 

0 


” 0 

Jan. 9 0 

1956 


20 ? 

17? 


Jan. 26 
1956 


0 

0 


Feb. 5 
1956 


0 

6(30%) Feb. 15 
1956 


0 


1 (—5%) 


6(30%) Feb. 25 7(35%) 

1956 


TABLE XV 


Effect of continuous light at 30°C and at 2o l> C cn the initiation of sporangia in 

Salvinia rot mdifolia Willd. 


Dates Oct. Nov. Nov. Nov. Dec. Dec. Dec. Jan. Jan. Jan. Feb. Feb. March April 
30 9 19 29 9 19 29 8 18 28 8 28 19 8 


Days 0 10 20 30 40 50 60 70 80 90 100 120 140 160 


30? 0 0000000000000 


26? 0 0000000000— — 
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Experiment fl-11. (October 30, 1955- 
April 8, 1956). 

Effects of continuous light on the ini¬ 
tiation of sporangia at 30°C and at 26°C. 

All plants used in this and in the sub¬ 
sequent experiment are originated from 
a single sterile plant, as cuttings. The 
original plant was grown at 30°C, 24 hour 
light. In the nodes this plant develops 
many axillary buds that grow at a rela- 


26 U 'C, continuous light (400 ft. c.) were 
used as a stock from which plants were 
taken for the other treatments, it was ne¬ 
cessary to prolong the observation of this 
treatment over a long period of time, in 
order to be sure that the plants of the 
stock were not induced to form sori. Re¬ 
sults of observations are presented in 
Table XV. 

Therefore, at these temperatures, the¬ 
re is no initiation of sporangia in conti 
nuous light. 



Fig. 64. Osmunda Clayloniana L. Plant with sporophylls fertile to the top 

(26°C, continuous light). 


tively high rate, developing into branches, 
with new leaves. The breaking of the 
stem between the nodes allows an easy 
and rapid process of vegetative propaga¬ 
tion. The plants were floating in crocks 
containing the Earhart Laboratory nu¬ 
trient solution. Periodical observations 
were made by removal of a random sam¬ 
ple of 20 plants. As the plants grown at 


Plants of 100 days of treatment sho¬ 
wed some typical calluses replacing the 
sori, as can be seen in fig. 71. 

Experiment |fl2. 

Effects of continuous light at 30‘’C, 26'’C, 
20"C and 17"C. 

The source of the plants was the same 
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Fig. 65. Osmunda Clayioniana L. Plant with spoxophylls with all apical 

pinnae fertile. 


as the one used in Experiment jjll; at 
the time the treatments of this experiment 
were started, Experiment |fll was not con¬ 
cluded and the assumption was made that 
the original plant was not induced to form 
sporangia. As this plant was kept at 30°C, 
continuous light, the subsequent results 
of Experiment |fll justify this assumption. 

In this experiment plants were grown 
in the same nutrient solution and in the 
same light conditions as in the preceeding 
experiment, but at 5 different tempera¬ 
tures. Results are presented in Table XVI. 

These results indicate that the effects 
of continuous light on the initiation of 
sporangia vary with the temperature. The 
effects of continuous light at 17°C were 
subsequently verified in: 

Experiment j|13. (March 5, 1957-June 
10, 1957). 

Eighteen plant cuttings, each with two 


floating leaves, were taken from a stock 
at 26°C, continuous light and cultivated 
in separate plastic containers perforated 
at the bottom and placed in a stainless 
steel tray containing Hoagland’s nutrient 
solution. The nutrient solution was re¬ 
newed weekly. The tray was immersed 
in a water bath maintained at such a tem¬ 
perature that the temperature of the nu¬ 
trient solution was kept at 17 n C. This was 
achieved by maintaining the water bath 
in a room in which the air temperature 
was 7°C and by heating the water bath by 
means of an electric heater controlled by 
a thermostat. The temperature of the 
water bath was kept uniform by conti¬ 
nuous circulation maintained by a water 
pump immersed in the bath. A light fix¬ 
ture was suspended above the tra} r with 
two “warm white” GE fluorescent tubes 
and two incandescent bulbs, giving a total 
light intensity of 500 ft. c. at the level of 
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the floating leaves. The air temperature 
just above the leaves was 18°C. 

After 88 days the plants were harves¬ 
ted and individual leaves were observed 
under the dissecting microscope. The re¬ 
sult follows: 


If of plants with sori . 14 (78%) 

Jf of plants without sori . 4 (22%) 


light, and were cultivated in the Earhart 
Laboratory nutrient solution. Results are 
shown in Table XVII. 

These results, taken together with 
those of the experiments of growth of 
plants in continuous light at the same tem¬ 
peratures, indicate a short-day behavior 
at 26°C and at 23°C and a long day beha¬ 
vior at 17 U C. At 20°C the plant initiates 



Fig'. 66. Osmunda Clayloniana L. Plant with abnormal pinnae, partially 

differentiated as sporophylls. 


These results confirm the fact that 
this plant is able to initiate sporangia in 
continuous light at 17°C. 

b) Effects of short days at different 
temperatures. 

In these experiments days of 8 hours 
(sunlight) were used. 

Experiment }fl4. (November 19, 1955- 
January 23, 1956). 

All plants used in the experiment 
came from the stock at 26°C, continuous 


sporangia both in continuous light and 
in days of 8 hours, but initiation seems to 
be extremely slow in both conditions, sug¬ 
gesting a double photoperiodical limita¬ 
tion at these extreme photoperiodical 
conditions. 

c) Effects of daily fluctuations of 
temperature. 

Experiment ||15. (November 19, 1955- 
January 23, 1956). 

Plants of the stock at 26"C, continuous 
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TABLE XVII 


Effects of 8 hour photoperiods at different temperatures on the initiation of 

sporangia in Salvinia rotundifolia Willd. 





\\ of plants 

% 



Time of 

with sori in 

fertile 

Temperatures 

Photoperiod 

treatment 

a sample of 

plants 




20 plants 


26°C 

8 hours 

65 days 

14 

70% 

23"C 

8 hours 

65 days 

12 

60%) 

20°C 

8 hours 

65 days 

2 

10% 

17°C 

8 hours 

65 days 

0 

0%> 




TABLE 

XVIII 


Effects of 

daily fluctuations of temperature on the initiation of sporangia in Sal- 

vinia rotundifolia Willd. 17' 

"C day temperature and variable 

night temperature 




W of plants 

% 

Day 


Night 

with sori in 

fertile 

temperature Photoperiod 

temperature 

a sample of 

plants 




20 plants 


17 ,J C 

8 hours 

4"C 

14 

70% 

17"C 

8 hours 

7°C 

19 

95% 

17"C 

8 hours 

10 H C 

16 

80% 

17"C 

8 hours 

14°C 

0 

0 

17°C 

8 hours 

17°C 

0 

0 

17 n C 

8 hours 

20°C 

13 

65%) 

17°C 

8 hours 

23°C 

0 

0 

17"C 

8 hours 

26°C 

0 

0 


light were used for this experiment. The 
photoperiod was given with artificial light 
(500 ft. c.). The treatments and results 
after 65 days of culture are given in Ta¬ 
ble XVIII. 

Experiment |jl6. (November 19, 1955- 
January 23, 1956). 

Plants of the same source as those of 
the preceding experiment were used. The 


same photoperiod was used, but photo¬ 
temperature was varied with a constant 
night temperature (17°C). 

Results after 65 days of treatments 
given are shown in Table XIX. 

Results of these two experiments are 
summarized in fig. 72. 

Experiment j[17. (February 2, 1956- 
April 6, 1956). 

The plants used came from the stock 
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Fig. 67. Salvinia rolundifolia Willd. Water leaf and floating leaves (magnified). 



Fig. 68. Salvinia rolundifolia Willd. Adaxial view of floating' leaf (magnified). 
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i- 

I ir.m 


Fig. 69. Salvinia roiundifolia Willd. Leaf Venation. 1: floating leaf; 2: detail of the 
venation at the base of the floating leaf; 3: detail of the venation of the water leaf. 
The numbers in 2 and 3 refer to the order of vein branches. 



Fig. 70. Salvinia roiundifolia Willd. Leaf seg¬ 
ments with sori, in the axil of water leaf, showing 
several stages of soral development. 


at 26°C, continuous light and, in all treat¬ 
ments, were given days of 8 hours (sun¬ 
light) , followed by nights of 16 hours at 
different temperatures, as indicated in 
Table XX, where results of 65 days of 
culture in these conditions are given. 

These results indicate that long nights 
cease to be effective for photoperiodic in¬ 
duction below 20°C. Comparison of these 
results with those of Experiment ]{15 sug¬ 
gests that the effects of long nights at low 
temperatures (7°C, 10°C), which are sti¬ 
mulatory for the initiation of sporangia 
when these cold nights alternate with 
short days at 17°C, are destroyed at 26°C. 

The above results of experiments with 
Salvinia roiundifolia Willd. show that this 
plant is a favorable object for research on 
the induction of the initiation of repro¬ 
ductive structures, since the same plant 
displays a short-day process, a long-day 
process and therrnoperiodical processes. 

5. Behavior of Regnellidium diphyllum 

Lindm. 

This plant is an endemic South Ame- 
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TABLE XIX 


Effects of daily fluctuations of temperature on the initiation of sporangia in Sal- 
vinia rotundifolia Willd. 17 U C night temperature and variable day temperature 





Jj of plants 

% 

Day 


Night 

with sori in 

fertile 

temperature Photoperiod 

temperature 

a sample of 

plants 




20 plants 


4"C 

8 hours 

17’C 

0 

0 

7°C 

8 hours 

17°C 

12 

60% 

10 U C 

8 hours 

17°C 

1 

5% 

14°C 

8 hours 

17°C 

0 

0 

17°C 

8 hours 

17°C 

0 

0 

20°C 

8 hours 

17“C 

15 

75 % 

23"C 

8 hours 

17 U C 

0 

0 

26"C 

8 hours 

17°C 

0 

0 



TABLE 

XX 


Effects of 

night temperature on the initiation of sporangia in plants of 

Salvinia 


rotundifolia 

Willd. grown : 

in 8 hour photoperiods at 26°C 





|j of plants 

% 

Day 


Night 

with sori in 

fertile 

temperature 

temperature 

a sample of 

plants 




20 plants 


26°C 


26°C 

13 

65% 

26°C 


23°C 

5 

25%; 

26°C 


20°C 

2 

10% 

26°C 


17°C 

0 

0 

26°C 


14 l ’C 

0 

0 

28°C 


10 l, C 

0 

0 

26°C 


7°C 

0 

0 

rican Marsiliacea (66, 121). 

The time of 

would place the time of initiation of spo- 

ripening of 

the sporocarps 

under natural 

rocarps in the months of June 

and July. 

conditions is reported as being from Sep- 

In the climate of the small, ar 

■ea of na- 

tember to November (162). 

There are no 

tural occurrence of this species 

this is the 

available records in the literature as to 

season with relatively short days and with 

the time of 

’ initiation of sporocarps, but, 

the lowest annual temperatures 

(140). 

judging from our results in the culture 

A recent investigation by Bloom and 

of this plant, it is safe to estimate that 1-2 

Voth (31) has shown that culture of this 

months are 

needed for development of the 

plant for 21 days, both in short-day con¬ 

sporocarp from initiation to 

ripening. This 

ditions (days of 8 hours) and in long-day 


of fertile plants 
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Fig. 71. Salvinia roiundifolia Willd. 30°C, conti¬ 
nuous light. Right: Sterile water leaf. Left: Cell 
proliferation replacing fertile leaf lobe. 


conditions (days between 13 hours 54 mi¬ 
nutes and 14 hours 40 minutes), in a nu¬ 
trient solution especially devised for the 
plant, always failed to induce the initia¬ 
tion of sporocarps. Comparison of this 
result with the production of sporocarps 
in plants growing in shallow water (40 
mm layer of water above the soil), at the 
same time of the year, has led these au¬ 
thors (31) to assume that the failure of 
experimental plants to produce sporocarps 
was due to the fact that their experimen¬ 
tal plants were grown in relatively deep 
water layers (140 mm). Lindmann had al¬ 
ready observed (121) that sporocarps are 



Fig'. 72. Salvinia rotundifolia Willd. Exp. ,[15 and 16). Solid line: nyctotemperature 
17°C, variable phototemperature. Interrupted line: variable nyctotemperature. constant 

phototemperature (17°C). 
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only produced in leaves that are develo¬ 
ped in shallow water, which have shorter 
petioles and smaller leaflets than those 
developed in deeper water. The same fact 
was reported for another Marsiliacea, na¬ 
mely Marsilia quadrijolia K. (164), but it 
was experimentally shown by Shatttjck 
(164) that the maximum depth of water 
in which Marsilia quadrifolia L. initiates 


an axilary bud, which is prevented from 
immediate development by the apical do¬ 
minance of the terminal bud (31). As soon 
as this effect ceases the lateral buds de¬ 
velop into branches, leading to a very 
ramified rhizome (121). This feature fa¬ 
cilitates the vegetative propagation of the 
plant and is also of interest for the study 
of the initiation of sporocarps, since in 



Fig. 73. Photograph of plants of Regnellidium diphyllum Lindm. Cultivated 
at 20°/14°C f 16 hour photoperiods. The sporocarps are found only in axilary 

branches. 


sporocarps depends on the conditions of 
exposure of the culture tanks to sunlight, 
being about 12 cm in diffuse light and 
20 cm in direct sunlight under the con¬ 
ditions of this author's experiments. The¬ 
refore the effect of the depth of the water 
is not yet clearly established as an inde¬ 
pendent one and it is reasonable to assu¬ 
me that this may actually be a tempera¬ 
ture requirement. 

It is pertinent to this work to note 
that in Regnellidium Lindm. each leaf has 


our experiments we never observed the 
initiation of sporocarps in leaves of the 
main axis, but always in the leaves of the 
lateral branches (see fig. 73). 

Experiment }fl8. (January 22, 1957- 
March 2, 1957). 

Twenty cuttings with two leaves were 
taken from a sterile plant cultivated in 
mud, in a plastic container, and kept in a 
greenhouse at the Earhart Laboratoy at 
26°C from 8:00 a.m. to 4:00 p.m. and at 
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TABLE XXI 

Effect of seasonal thermoperiodicity in the production of sporocarps in Regnelli- 
dium diphyllum Lindm. in long-day conditions 


Group I Group II 


Temperatures Temperatures 

8 a.m.- 4 p.m.- Photop. % fertile 8 a.m.- 4 p.m.- Photop. % fertile 


Dates 


Days 

4 p.m. 

8 a.m. 

hr. 

plants 

4 p.m. 

8 a.m. 

hr. 

plants 

Feb. 

1 

10 

17 

11 

16 

0 

26 

20 

18 

0 

Feb. 

11 

20 

17 

11 

16 

0 

26 

20 

16 

0 

Feb. 

21 

30 

17 

11 

16 

0 

26 

20 

16 

0 

Mar. 

3 

40 

1 

17 

11 

16 

0 

26 

20 

16 

0 

Mar. 

11 

48 

26 

20 

16 

0 

26 

20 

16 

0 

Mar. 

13 

50 

26 

20 

16 

0 

26 

20 

16 

0 

Apr. 

2 

70 

26 

20 

16 

30 

26 

20 

► 

16 

0 

Apr. 

5 

73 

26 

20 

16 

50 

26 

20 

16 

0 

Apr. 

8 

76 

26 

20 

16 

80 

26 

20 

16 

0 

Apr. 

17 

85 

26 

20 

16 

100 

28 

20 

16 

0 

Apr. 

22 

90 

— 

— 

— 

— 

26 

20 

16 

0 

Apr. 

27 

95 

— 

— 

— 

— 

26 

20 

16 

0 

May 

2 

100 

— 

— 

— 

— 

26 

20 

16 

0 


20°C from 4:00 p.m. to 8:00 a.m. Cuttings 
were also planted on mud covered with 
deionized water (depth of water layer 4 
cm). They were divided in two groups. 
Group I (10 plants) was placed in a gre¬ 
enhouse in which air temperature is main¬ 
tained at 17°C from 8:00 a.m. to 4:00 p.m. 
and at 11°C from 4:00 p.m. to 8:00 a.m. 
The total daily period of light was of 16 
hours (8 hours of sunlight and 2 artificial 


light supplements after 4:00 p.m. and be¬ 
fore 8:00 a.m.). Group II was placed in 
another greenhouse, where air tempera¬ 
ture was maintained at 26°C from 8:00 
a.m. to 4:00 p.m. and at 20°C from 4:00 
p.m. to 8:00 a.m. The photoperiod was 
the same as in the case of group I and 
given similarly. 

The plants at 26°/20° developed very 
well, whereas those at 17°/11° showed poor 
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vegetative development. After 48 days 
(March 11, 1957) plants of group I were 
transferred to the same conditions to 
which plants of group II had been expo¬ 
sed all the time. Table XXI and fig. 74 
present the results of periodic observations. 



Fig. 74. Regnellidium diphyllum Lindm. Eifects 
of seasonal thermoperiodicity on the production 
of sporocarps. (Exp. 


Therefore a preliminary period of 48 
days in relatively low temperature, in long 
days, can induce plants to initiate and de¬ 
velop sporocarps at relatively high tem¬ 
peratures. at the same photoperiod. 

Since the low temperature treatment 
in this experiment was given as a daily 
thermoperiodicity with both temperatures 
at a relatively low level, it was necessary 
to investigate whether the same effect 
could be obtained by growing the plants 
for a period at constant low temperature 
and transferring them to the 26°/20° daily 
thermoperiodicity. This was atempted in 
the following experiment. 

Experiment ]fl9. (April 12, 1957-July 
11, 1957). 

Twenty cuttings each with two lea¬ 


ves were taken from sterile plants grown 
at 26°/20 ;> , 16 hour photoperiods, as in the 
preceding experiment and cultivated in 
plastic containers, on mud and with deio¬ 
nized water added, at 10°C, 16 hour photo¬ 
period, for 60 days. After this time (du- 



•-#-#- 1 - 1 -->* 

75 10 20 30 Days 


Fig. 75. Regnellidium diphyllum Lindm. Sporo¬ 
carps as a response to low temperature treatment 
and subsequent growth in high -temperature. 
(Exp. jf-19) 

ring which no sporocarps were observed) 
the plants were transferred to a greenhou¬ 
se, were they received 26°C from 8:00 
a.m. to 4:00 p.m. and 20 rj C from 4:00 p.m. 
to 8:00 a.m., and 16 hour photoperiod (8 
hours of sunlight and 8 hours artificial 
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TABLE 

XXII 


Effects of seasonal 

thermoperiodicity on the production 
lidium diphyllum Lindm. 

Days at 26°/20°, 16 
hours photoperiod, 

of sporocarps in 

Dates 

after 60 days at 
10°C 

% of plants with sporocarps 

June 21 

10 


0 

June 26 

15 


0 

July 1 

20 


20%. 

July 6 

25 


50%. 

July 11 

30 

TABLE 

XXIII 

90% 


Effect of the daily thermoperiodicity 20°/I4 :, C on the production of sporocarps in 
Regnellidium diphyllum Lindm in long-days 


Days of 

Dates treatment 


Feb. 

1 

10 

Feb. 

11 

20 

Feb. 

21 

30 

March 

3 

40 

March 

15 

52 

April 

1 

69 

April 

3 

71 

April 

6 

74 

April 

9 

77 

April 

10 

78 

April 

12 

80 

April 

17 

85 


light). In these conditions formation of 
spcrocarps was observed as follows. (See 
Table XXII and fig. 75). 

Experiment \\20. (January 22, 1957- 
April 17, 1957). 

Ten cuttings with two leaves were 


% of plants 
with sporocarps 

► 

0 

0 

0 

0 

10 % 

40% 

50% 

60% 

70% 

30%' 

90% 

100 % 

taken from sterile plants growing at 26°/ 
20°, 16 hour photoperiod, as explained in 
the description of Experiment }fl9, and 
cultivated in a greenhouse in which the 
air temperature was maintained at 20°C 
from 8:00 a.m. to 4:00 p.m. and at 14°C 
from 4:00 p.m. to 8:00 a.m. The photo¬ 
period was the same as in the other gre- 
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enhouse (16 hours) and given in the same 
manner. Results of periodic observations 
are given in Table XXIII and in fig. 76. 



i6 D °y s 

Fig. 76. Regnellidium diphyllum Lindm. Sporo- 
carps as a response to the daily therrnoperiodicity 
20°/14°, in 16 hour photopei'iod. 

These results show that by a 3°C in¬ 
crease in the day and night temperatures, 
above those used in Experiment }}18, it is 
possible to obtain simutaneously the in¬ 
duction of the initiation of sporocarps and 
their development. In this case, again, 
sporocarps were developed only on the 
lateral branches. 

The effects of the daily periodicity at 
20°/14°, as described in Experiment P0 are 
more accessible for study than those of 
Experiment .R18, since in the first case 
both initiation and development can be 
obtained in a single treatment. In order 
to study the effects of photoperiod in this 
20°/14° thermoperiodicity, the following 
experiment was set up: 

Experiment pi. (April 12, 1957-June 
6, 1957). 

Ten cuttings were made each with two 


leaves, from plants growing at 26'V20°, 16 
hour photoperiod, as explained for Expe¬ 
riment jfl8, and grown in the same ther¬ 
moperiodicity used in Experiment p0. The 
photoperiod given, in this experiment, was 
of 8 hours and was made to coincide with 
the period at 20"C, by covering the plants 
at 4:00 p.m. and uncovering at 8:00 a.m. 
Therefore the whole period at 14°C was 
spent in darkness. Results of periodical 
observations are given in Table XXIV 
and in fig. 77. 

These results, compared with those 
of Experiment p0 show a considerable 
promotion of the process of formation of 
sporocarps by the lengthening of the dark 
period at 14°C. This fact suggested the 
possibility that formation of sporocarps 
might be dependent on a dark process, 
which would be more efficient at low tem¬ 
peratures. The fact that the time course 



7 I Days 

Fig. 77. Regnellidium diphyllum Lindm. Sporo- 
earps as a response to the daily thermoperiodicity 
20°/14°, in 8 hour photopei’iods. 
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TABLE XXIV 


Effects of the daily thermoperiodicity 20"/14°C on the production of sporocarps in 
Regnellidium diphyllum Lindm., in short days 




Days of 

/. of plants 

Dates 

treatment 

with sporocarps 

April 

22 

10 

0 

May 

2 

20 

0 

May 

12 

30 

0 

May 

20 

38 

0 

May 

28 

45 

40'/ 

June 

2 

50 

70/ 

June 

3 

51 

80/ 

June 

5 

53 

90/ 

June 

6 

54 

100/ 


TABLE XXV 


Effect of photoperiodism at 20 l ’C in the production of sporocarps in Regnellidium 

diphyllum Lindm. 


Days of / of plants 

Dates treatment with Sporocarps 

photoperiod photoperiod 
8 hour 16 hour 


May 

18 

10 

0 

0 

May 

28 

20 

0 

0 

June 

7 

30 

0 

0 

June 

16 

40 

0 

0 

June 

27 

50 

0 

0 

July 

7 

60 

0 

0 

July 

17 

70 

0 

0 

July 

31 

84 

0 

0 


of sporocarp formation is similar in Ex¬ 
periments |r 18 and j}20, where the dark 
period at low temperature has the same 
duration, is consistent with this view. In 
order to make this study possible it is ne¬ 
cessary to know if there is any induction 
of the initiation of sporocarps at 20"C, in 
short (8 hour) and in long (16 hour) days. 
This was tested by: 


Experiment |{22. (May 8, 1957-July 31, 
1957). 

Twenty cuttings were taken, with two 
leaves each, from plants growing at 26°/ 
20’, 16 hour photoperiod, as explained in 
Experiment If 18, and grown, in the already 
described manner (plastic containers, with 
mud and 4 cm water layer), at 20"C. One 
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group of plants received 8 hour photope¬ 
riods (natural light) and the other, 16 
hour photoperiods, by 8 hour supplemen¬ 
tary artificial light (400 ft. c.). Results are 
given in Table XXV. 

These results show that, in the expe¬ 
riments in which the formation of sporo- 
carps is induced in the daily thermoperio¬ 
dicity 20°/14° the inductive factor must 
be sought in the processes that take place 
at 14°C or in the daily temperature change. 

The results of Experiments 1(18 and 
}|19 show that sporocarps are not developed 
during the low temperature treatment. 
This indicates the existence of two partial 
processes, one which takes place in low 
temperatures (induction of axillary buds) 
and one which takes place at higher tem¬ 
peratures (20°C, 26“C). Further experi¬ 
mental studies are required in order to 
ascertain: a) whether both treatments 
ar> required for sporocarp initiation or 
if the second process is merely a require¬ 
ment for speeding the development of the 
axillary buds; b) whether the induction 
at low temperatures is photoperiodically 
dependent (in a qualitative or in a quan¬ 
titative manner) or not. 

PART V 

GENERAL CONCLUSIONS 

1. Initiation and development of spo¬ 
rangia are potentially possible in many 
areas of the fern organism. 

2. Initiation and development of spo¬ 
rangia may be arrested in several stages, 
leading to a replacement of sporangia by 
a variety of alternative differentiations 
(cell proliferations, paraphyses, sporangi- 
asters, vegetative buds and aposporous 
prothalli). 

3. The general types of behavior of 
Angiosperms, as regards the effects of 


climatic factors on flower initiation — 
short-day pattern, long-day pattern, ther¬ 
moperiodical patterns — are extended to 
the initiation of sporangia in the species 
studied. 

4. Initiation of sporangia in the fern 
species studied was found to be interlocked 
with other morphogenetic processes, such 
as heteroblastic development of leaves, 
vascular tissue differentiation, develop¬ 
ment of axillary buds and correlations 
between leaves. 

PART VI 

DISCUSSION 

The fact that the usual site of initia¬ 
tion of sporangia in ferns is the leaf ties 
the problem of morphogenesis of sporangia 
to studies of leaf morphogenesis. In par¬ 
ticular, since ordinarily only leaves of 
adult plants produce sporangia, the ini¬ 
tiation of these .organs in leaves may be 
considered as a special aspect of hetero¬ 
blastic development of leaves. And, since 
it has been shown that there is a corre¬ 
lation between the initiation of sporangia 
and leaf veins, this aspect of the problem 
brings into discussion the interrelations 
between initiation of sporangia and the 
differentiation of vascular tissues. 

Finally, since photoperiodic and ther- 
moperiodic treatments were found to af¬ 
fect initiation of sporangia in some species 
of ferns, initiation of sporangia becomes 
connected with the general field of deve¬ 
lopmental effects of photoperiodism and 
thermoperiodicity. 

This discussion is an attempt to con¬ 
nect the facts discovered with the general 
picture of these correlated fields of de¬ 
velopmental physiology, with the purpose 
of deriving perspectives for further 
research. 
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Initiation of sporangia and the diffe¬ 
rentiation of vascular tissues. j 

The study of the differentiation of 
vascular tissues was started by cataloguing 
the variety of manners by which such tis¬ 
sues can be built in vascular plants. As 
this variety was found to be very rich, 
particularly among ferns and Pteridophy- 
tes in general, the interest shifted to the 
origin of such structures. No matter how 
different they are in adult form and in 
position, vascular tissues have the common 
trait of being derived from undifferentia¬ 
ted apical meristems. Therefore it was 
natural that the causes of their differen¬ 
tiation should be sought in such meristems. 

This approach was strengthened by 
the observation that the decapitation of 
the stem apical bud can cause correlative 
effects, such as the development of res¬ 
ting buds in the roots ( Ophioglossum L.) 
or in the stems ( Botrychium Sw., Equise~ 
turn L., Lycopodium L., Osmunda L.) 
(194). Some facts pointed also to a corre¬ 
lative influence of the terminal bud of 
tne stem, not by maintenance of apical 
dominance, but by directing development 
of organs of undetermined nature. This 
was found to be the case of the angle 
meristems of Selaginella, for instance. If 
the shoot apex is left, these meristems will 
eventually develop into rhizophores and 
the same happens as soon as the shoot 
apex is decapitated and replaced by a la- 
noline smear containing IAA. If there is 
only stem decapitation the angle meris- 
tem develops as a shoot, not as rhizopho- 
re (193). 

As early as 1915, the possibility was 
considered that vascular differentiation 
might be affected by the organizing ef¬ 
fect of the basal, preformed, vascular tis¬ 
sue, as well as by the inducing effect of 
the apical meristem (194). However, the 
emphasis was placed on the effects of the 


f meristem when it was observed that the 
vascular tissue of growing lateral buds 
develops as an isolated group, that, later 
on, merges with the stem system. We have 
already pointed out that this is the case 
with the adventitious leaf-buds of Asple- 
nium bulbiferum Forst. 

Experiments in which the apical me¬ 
ristem was isolated by incisions in planes 
parallel to the growth axis of the stem 
have shown that, in these conditions, the 
apical meristem differentiates an isolated 
group of vascular tissue (181, 182, 183). 
These results led Wardlaw to the view 
that differentiation of vascular tissues de¬ 
pends on the basipetal diffusion of subs¬ 
tances produced by the apical meristem 
and that supply of water and of nutrients 
to the apical meristem takes place through 
the pith cells and “the thin layer of inci¬ 
pient vascular tissue” upon which the 
apical meristem resides. 

Furthemore Gautheret (82) has ob¬ 
tained xylem and phloem differentiations 
in cambium tissue cultures and this type 
of differentiation has been observed in 
several successive subcultures. Camus (47) 
has shown that buds can induce incipient 
vascular differentiation in calluses upon 
which they are grafted. Ball (25, 26) and 
Wetmore (189), have obtained regenera¬ 
tion of complete plants from cultured ino- 
culi consisting of pieces of the meriste- 
matic region of the shoot apex. 

Although these experiments are very 
suggestive of a vascular inducing capacity 
of the shoot apex, they do not exclude 
the possibility of an effect of the previous¬ 
ly differentiated vascular tissues. The first 
result in which differentiation of vascular 
cells was clearly shown to take place in 
the complete absence of incipiently dif¬ 
ferentiated cells in the inoculum was ob¬ 
served by Morel and Wetmore (139) in 
tissue cultures of spores of Osmunda cin- 
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namomea L. Another approach to the pro¬ 
blem of vascular tissue differentiation is 
represented by a series of studies on the 
regeneration of cut vascular strands in 
subapical internodes. 

Sinnott and Bloch (166) obseved that 
the vascular regeneration in “Coleus” is 
basipetal, frequently in an oblique dire¬ 
ction, across the pith, and that the path of 
the new bundle is first indicated by the 
planes of the walls of the dividing pith 
cells and by the patterns of the lignin 
bands in their walls. The observation of 
these patterns, which start as granular cy¬ 
toplasmic condensations in the cell walls, 
indicates an alteration of cell polarity as 
the first perceivable sign of vascular 
differentiation. 

Jacobs (100) established, in “Coleus” 
sub-apical internodes, that defoliation and 
de-budding only affects the predominan¬ 
tly basipetal xylem regeneration when the 
suppressed parts are distal to the wounded 
area and that this effect is, maximal after 
stem decapitation. Wardlaw (180) had 
also established that systematic destruction 
of leaf primordia stops vascular differen¬ 
tiation in fern stem apices. These results 
suggested to Jacobs the hypothesis that 
auxin is the limiting factor in xylem re¬ 
generation (100). Jacobs was able to 
show that physiological concentrations of 
1AA, applied to decapitated stems, quan¬ 
titatively restore xylem regeneration 
(100). Furthermore it was possible to es¬ 
tablish that the number of regenerated 
xylem strands is proportional to the 
amount of IAA transported in the tissue 
(acrcpetaily and basipetally). The limi¬ 
ting factor in xylem differentiation ap¬ 
pears to be the auxin transport capacity 
of the internode (101). 

Subsequently Wetmore and Sorokin 
(190) were able to confirm Camu’s results 
with bud grafts on callus tissue cultures 


and show, by control experiments with 
NAA, that auxin alone, in convenient con¬ 
centrations, can induce tracheidal diffe¬ 
rentiation in such calluses. It was remar¬ 
ked however, that such induced tracheids 
do not show any organization resembling 
stem procambium (as was also the case 
m Camu’s experiments). 

Ball (27) was able to obtain diffe¬ 
rentiation of the tracheids in callus tissue 
cultures of Sequoia sempervirens Endl. 
and to show that different sugars sup¬ 
plied to the medium were not equally ef¬ 
fective in tracheidal differentiation. Mo¬ 
reover, when sugars are given as C l_1 - 
labelled compounds the C u is found to 
concentrate in the nodules where tracheids 
are differentiated. This result can be in¬ 
terpreted as meaning that differentiation 
of tracheids is hormonally controlled by 
other regions of the callus (27). Jensen 
(102), considering the evidence that eu- 
genol is a probable intermediate in lignin 
biosynthesis, that this” biosynthesis requi¬ 
res a peroxidase system and that one such 
system has been shown by Galston to be 
enhanced by IAA, studied the correlation 
between IAA-induced peroxidase and lig¬ 
nin synthesis in roots of Vicia faba L. Se¬ 
veral regions (root cap, proepidermis, 
provascular tissues) were found to have 
peroxidase activity but the IAA-induced 
peroxidase activity was found only in the 
vascular tissue cells. If the root tips are 
incubated with IAA (induction of peroxi¬ 
dase activity) and sections of such tips 
incubated with eugenol and H,Oo, forma¬ 
tion of compounds, intermediates in lig¬ 
nin biosynthesis is observed. 

The above-mentioned results, taken 
together, clearly establish that the basipe¬ 
tal differentiation of vascular tissue of the 
xylem is induced by the basipetal diffu¬ 
sion of IAA from the apical meristem. 
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Coming back to the correlation bet¬ 
ween the initiation of sporangia and the 
vascular tissues of the leaf, we must note 
first that the initiation of sporangia is 
simultaneous with the differentiation of 
the vein ends behind them. In highly com¬ 
pound leaves it is clear that before these 
vein-ends differentiate, the whole vas¬ 
cular system of the older leaf parts is 
differentiated. This is particularly easy 
to observe in Anemia Sw. (Euanemia), 
where the vascular system of pinnae of 
1st, 2nd and 3rd order is differentiated 
before differentiation of sporangia. Dif¬ 
ferentiation of the latter start simulta¬ 
neously with differentiation of the vas¬ 
cular tissue of the 4th order pinnae. Also 
in Asplenium bulbiferum Forst. the vas¬ 
cular connection between the adventitious 
bud and the adult leaf is formed before 
the bud produces sporangia in its leaves. 
Nevertheless, at the sub-marginal region 
of the developing fertile pinna of the spo- 
rophylls of the bud the ultimate vein ends 
and the sori differentiate simultaneously. 

These facts suggest the following wor¬ 
king hypothesis: acropetal stimuli from 
the adult leaves, carried by the veins and 
diffused through the undifferentiated cell 
path between the vein and the leaf mar¬ 
gin start the initiation of sporangia; the 
sporangial meristems produce basipetal 
auxin gradients, which, in turn, stimulate 
vascular differentiation behind them. 

The fact that, in many ferns, the sori 
occupy a definite position relative to some 
veins, but not to all veins (as can be seen 
clearly in Phyllitis scolopendrium (L.) 
Newm.) shows that the morphogenetic 
mechanism involved in these correlations 
is not a simple and direct one. This ques¬ 
tion can be attacked by developmental 
and experimental studies, using as objects 
the leaves of ferns that show special vas¬ 
cular differentiations peculiar to the spo- 


rophylls. Such is the case in Blechnum 
occidentale L., where vein commissures 
parallel to the midrib are found only in 
the fertile leaves. Another favorable ob¬ 
ject is Pleopeltis H. et B., where trachei- 
dal plexuses are found behind the sori. 
If such structures are determined by the 
sporangia, they should be suppressed by 
early suppresion of the sporangia. 

On the other hand, Asplenium bulbi¬ 
ferum Forst. opens the possibility of graft 
experiments. If sterile adventitious buds 
can be grafted successfully on long-day 
leaves, they should develop sporangia in 
their leaves and the control grafts in lea¬ 
ves kept in 23 hour nights in 48 hour cy¬ 
cles at 20°C (non-inducing conditions for 
the species) should not initiate sporangia 
in their leaves. 

Besides the grafting experiments, ad¬ 
ventitious buds can be cultivated in ste¬ 
rile nutrient agar. We know already that, 
after isolation from the leaf of the adult 
plant, such buds.do not produce sporangia 
in their leaves for a long period, even 
under favorable photoperiodic conditions. 
Therefore, it is possible to try to replace 
this preliminary development by chemi¬ 
cals added to the basic mineral medium, 
both in favorable photoperiodic conditions 
and in inhibitory long nights. 

Initiation of sporangia and hetero- 
blastic development of leaves. 

The fact that leaf shape, in many 
plants, changes throughout development 
(heteroblastic leaf development) was 
known for a long time, but understanding 
of the phenomenon started with Goebel’s 
physiological interpretation (88), accor¬ 
ding to which: a) juvenile leaves are 
leaves arrested in their development; b) 
this arrest is caused by nutritional defi¬ 
ciencies during leaf development. Recent 
investigations (4, 6, 7, 8, 189) have shown 
that Goebel’s theory is essentially sound, 
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although it needs to be completed with 
additional information, referring to other 
aspects and to mechanisms involved in 
heteroblastic leaf development. 

As early as 1906 Diels (in 184) ob¬ 
served that conditions that promote flo¬ 
wering also promote progressive hetero¬ 
blastic development of leaves in some spe¬ 
cies. This was also found by Harder and 
Witsch (in 184) to be the case in Kala- 
nchde Blossfelcliana Poelln. In this plant 
short days have a dual effect. They cause 
both flower initiation and changes in ve¬ 
getative characters (such as increase in 
leaf thickness and shortening of stem in¬ 
ternodes) . All of these effects were shown 
to arise as a consequence of the photo- 
periodic treatment and it was found to 
be possible to limit such effects to res¬ 
tricted areas by limiting the area and the 
position of the photoperiodically treated 
parts (91). It is yet an open question 
whether these vegetative effects justify 
Harder’s working hypothesis of a specific 
hormone (metaplasin) but there seems to 
be little doubt that these heteroblastic 
photoperiodic effects are of a correlative 
nature. Photoperiodically induced changes 
in leaf shape were also observed by Sen 
Gupta and Santish (163). 

Studies of Ashby (15, 16) and of 
Ashby and Wangermann (17) led to the 
interpretation of heteroblastic develop¬ 
ment as being caused by aging of the 
apical meristem. This aging effect would 
involve correlation phenomena between 
the older leaves and the apex and between 
the older leaves and the younger leaves. 

Another view, emerging from the 
study of heteroblastic development of lea¬ 
ves of Acrostichum danaefolium Langsd. 
et F'isch., was presented by Crotty (58). 
It was observed in this plant that the 
progressive heteroblastic development 
coincides with a progressive delay in the 


time of the beginning of the differentia¬ 
tion of successive leaf primordia and coin¬ 
cides also with a progressive increase in 
size of these primordia before differentia¬ 
tion of pinnae. These facts are interpre¬ 
ted as due to the opportunity which the 
leaf primordium has to accumulate meta¬ 
bolites and growth factors before the be¬ 
ginning of differentiation. Correlations 
are also invoked, between older leaves and 
primordia in differentiation, leading to a 
conception of development as a sort of 
feed-back mechanism. Some of these in¬ 
teresting interpretations might be checked 
by chromatographic studies of successive 
leaf primordia, a method already in use 
for apical meristems (3, 5, 173, 174). Such 
studies should make use of chemical me¬ 
thods, as well as of bioassays, in order to 
test and identify the chromatographic 
fractions. 

An interpretation of heteroblastic de¬ 
velopment, proposed by Alsopp (8), offers 
some similarities to Crotty’s, but the size 
factor invoked by Alsopp refers to the 
apical meristem, not to individual leaf 
primordia. It is noted also that progres¬ 
sive heteroblastic leaf development coin¬ 
cides with progressive increase in the size 
of the stem apex; that reversion to juve¬ 
nile stages coincides with a decrease in 
size of. the apex and that in the lateral 
buds (which often develop juvenile lea¬ 
ves) the apices are smaller than in the 
main axis. 

Summarizing, we may say that he¬ 
teroblastic leaf development involves a 
nutritional aspect (that may refer to the 
stem apex or to the individual leaf pri¬ 
mordia) and a correlative aspect. Effects 
of environmental conditions may affect 
both sides of the question. 

If now we apply this general infor¬ 
mation to the special case of the hetero¬ 
blastic development of leaves of Asple- 
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nium bulbiferum, it is immediately appa¬ 
rent that the stimulatory effects of long 
days on progressive changes in leaf shape 
and on the rate of initiation of sporangia 
are the long-day counterpart of the dual 
effects of short days observed in Kalan- 
choe Blossfeldiana Poeln. 

Asplenium bulbiferum Forst is a very 
favorable object for the experimental stu¬ 
dy of heteroblastic leaf development; the 
rhizome apex is relatively large and the 
apices of adventitious buds can be grown 
aseptically for pharmacological investiga¬ 
tions on leaf development. The possibi¬ 
lity that so-called “ripening process” for 
the initiation of reproductive structures 
and for the development of the mature 
type of leaf would be the fulfillment of a 
nutritional requirement of the apical me- 
ristem (morphologically expressed by its 
size) can be tested in this plant. 

Determination of cataphylls. 

Another aspect of leaf development 
that usually displays a periodic character 
is the formation of cataphylls. This type 
of leaf differentiation can be found in 
many Angiosperms and Gymnosperms and 
in some ferns (33, 169). 

The cataphylls of Osmunda cinnamo- 
mea L. have been studied by Steeves and 
Wetmore. These authors have observed, 
in the conditions of the climate of Mas¬ 
sachusetts, the same sequence of leaf ty¬ 
pes found by us in Osmunda Claytoniana 
L. growing in natural conditions in Mi¬ 
chigan and in controlled conditions in the 
Earhart Laboratory. Cataphyll formation 
was also found to progress acropetally in 
the rhizome, but in Osmunda cinnamomea, 
it usually stops abruptly. It was remarked 
that processes that lead to cataphylls seem 
to be in opposition to those that lead to 
sporophylls (169, p. 353); incomplete spo- 
rangial differentiation in fertile leaves 
was also observed. The experimental re¬ 


sults of these authors indicate that cata¬ 
phyll formation may depend on the acti¬ 
vity of the adult leaves and that there 
may be an acropetal displacement of the 
leaf types upon defoliation. 

In Osmunda Claytoniana L. cata¬ 
phylls can be characterized by the fol¬ 
lowing features: 

a) living leaf base and necrotic pin¬ 
na region (crozier) 

b) laterally expanded leaf base 

c) necrotic pinnae have shapes and 
sizes that coincide with those 
of various stages of undifferen¬ 
tiated leaves and with those 
of several stages of young diffe¬ 
rentiated leaves, up to fertile pin¬ 
nae with completely organized 
sporangia. 

The observations of Steeves and Wet- 
more (169) on cataphylls of Osmunda cin¬ 
namomea L. show that in this species the 
process of “cataphyllization” of undiffe¬ 
rentiated leaves goes much faster than in 
Osmunda Claytoniana L., so that the un¬ 
differentiated leaves are caught by this 
process much before they develop their 
pinnae. 

Since cataphylls were not observed 
by these authors in plants collected in 
Honduras, where much higher tempera¬ 
tures prevail, it is probable that in Os¬ 
munda cinnamomea L. also formation of 
cataphylls may be inhibited by high tem¬ 
peratures. It should be possible to force 
plants of Osmunda cinnamomea to form 
cataphylls more slowly by a moderate 
raise in temperature; under such condi¬ 
tions it will perhaps be possible to obtain 
the same overlapping of cataphyllization 
and sporophyll formation that we have 
observed in Osmunda Claytoniana L. at 
17°C. 

Steeves and Wetmore (169) report 
that “cataphylls are capable of developing 
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in the absence of any expanding or ma¬ 
ture fronds on the plant”. No doubt the 
results of their- experiments are very sug¬ 
gestive, but is seems to us that it would 
be desirable to reserve the term “cata- 
phyll” to those leaves that have already 
a necrotic crozier. In these the crozier is 
dead and cannot be revived. What is es¬ 
tablished by Steeves’ and Wetmore’s ex¬ 
periments is the possibility of develop¬ 
ment of perspective cataphylls or of cata- 
phylls that are incompletely determined 
as such. This indicates the existence of 
an active process that checks the develop¬ 
ment of perspective cataphylls until the 
crozier becomes completely necrotic. Since 
the preliminary results of Steeves and 
Wetmore (169) indicate that this process 
involves a correlation between adult lea¬ 
ves and leaf primordia, it would be 
interesting to know whether photope- 
riodism and temperature can affect this 
correlation. 

The situation seems to be different in 
the determination of cataphylls of An- 
g'icsperms, since Foster (71, 75, 76, 77) has 
established that their determination takes 
place much earlier and in fact in the pri¬ 
mordia. It would not be too surprising 
if this difference in behavior in the dif¬ 
ferent groups of vascular plants is subs¬ 
tantiated by further research, since it 
was already shown by Wetmore (189) 
that, for the regeneration from meristems, 
there are differences between the two 
plant groups. What seems to be common 
to these types of cataphylls is the fact 
that they are determined, to a certain ex¬ 
tent, by the environmental conditions 
which prevail in the course of leaf deve¬ 
lopment. Whether the effects of these 
conditions become visible very early (as 
in Angiosperm cataphylls), or later (as 
in Osmunda cinnamomea L.), or very late, 
after pinnae differentiation (as it happens 
in Osmunda Claytoniana L.) it seems to 


be a matter of relative rates of different 
morphogenetic processes. 

Further progress in the study of ca- 
taphyll determination in Osmunda L. can 
be obtained by a systematic study of Os- 
munda Claytoniana L. In this respect it 
is essential to obtain information on the 
environmental conditions that determine 
cataphylls, on the correlative nature of 
the process and on its light dependence. 
The contrast of results of studies with 
v/hole plants in controlled conditions with 
the results of environmental treatments 
applied to excised leaf cultures by the 
technique of Sussex and Steeves (176), 
should also make clear whether the inhi¬ 
bition of leaf primordia, of undifferen¬ 
tiated leaves and of already differentiated 
young leaves involves only correlative ef¬ 
fects with adult leaves or environmental 
effects on the developing leaf itself. 

One of the yet unsolved problems of 
cataphyll determination lies in the fact 
that Osmunda Claytoniana L. is a peren¬ 
nial plant. If short*days and low tempe¬ 
rature were the only factors involved in 
the determination of cataphylls the plant 
would be a summer annual, since all leaf 
primordia would be “cataphyllized” in the 
Fall. Other requirements must exist for 
cataphyll determination. It is possible 
that correlation effects with adult leaves 
and with the terminal meristem of the 
rhizome would respectively promote and 
inhibit the processes that lead to the ca- 
taphyllization of young leaves. 

Initiation of sporangia and the phy¬ 
siology of development. 

Our studies of effects of environmen¬ 
tal factors on the initiation of sporangia 
show that of the species of ferns investi¬ 
gated, the most interesting is Salvinia ro- 
tundifolia Willd. This fern displays a 
combination of features which are unique. 
Both photoperiodic and thermoperiodic 
processes, are involved in the initiation 
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of sporangia. In addition the photope- 
riodic processes show a qualitative change 
with temperature. 

There are a number of results repor¬ 
ted in the literature in which photope- 
riodic processes have been shown to be 
modified by temperature conditions. The 
simplest cases of such a modifying effect 
of temperature are represented by those 
in which the efficiency of the photoperio- 
dic reactions, particularly of the dark pe¬ 
riod, are found to have a temperature 
dependence. Thus, it was shown by Gar¬ 
ner and Allard (81) that the time requi¬ 
red for flowering by some varieties of 
soybean, planted in Washington, all at the 
same time of the year, in different years, 
varies and these variations showed corre¬ 
lation with the temperature conditions in 
the different years. Further studies by 
Parker and Borthwick (145) have shown 
that the important temperature differen¬ 
ces are those of the dark periods and that, 
although the effects of a 16-hour dark pe¬ 
riod varies with the temperature of the 
dark period (nyctotemperature), 8 hours 
dark periods are always ineffective for 
flower induction, no matter what nycto¬ 
temperature is used. Similar results were 
obtained with the short-day plant Xan- 
thium pensylvanicum Gondoger (93, 124), 
and the most significant effects were found 
to be those due to temperature of the leaf 
during the dark period (146). Roberts and 
Struckmeyer (157) grew several species 
in two separate greenhouses, in which the 
nyctotemperatures were kept close to 14°C 
and to 20°C, respectively. A species of 
“Salvia” was found to require short days 
to flower at the lower nyctotempera¬ 
ture and failed to flower both in short 
days and in long days at the higher 
nyctotemperature. White clover sho¬ 
wed long-day requirement for flowe¬ 
ring at the lower nyctotemperature 
and no flowering (in short, nor in 


long days) at the higher nyctotem¬ 
perature. A species of “Cleome”, which 
behaved as a short-day plant at the 
higher nyctotemperature failed to flower 
both in short days and in long days at 
the lower nyctotemperature. Evans (67) 
found that the quantitative long-day plant 
Vicia fab a L., when grown in the Earhart 
Laboratory in short (8 hour) photope¬ 
riods, with daily thermoperiodicities at 
different levels, flowers faster when the 
level of the themoperiodicity is decreased. 
The results of changing the nyctotempe¬ 
rature in the case of Xanthium pennsyl- 
vanicum Gandoger (146) show that the 
effect of the long night induction can be 
decreased both by excessively low and 
excessively high nyctotemperatures. On 
the other hand, even at relatively constant 
nyctotemperature, there is an optimal du¬ 
ration of the dark period for the induction 
of flower initiation in this plant (122). 
This last fact can be interpreted in seve¬ 
ral ways (122), but, in general, it shows 
* 

that not all processes that take place du¬ 
ring the dark period are favorable to 
flower initiation. Therefore it is unders¬ 
tandable that too low nyctotemperatures 
can limit the rate of the promotive pro¬ 
cesses and too high nyctotemperatures can 
increase the rate of the destructive pro¬ 
cesses, whether they are simultaneous or 
not. It is conceivable that the minimum 
and maximum nyctotemperatures would 
not be the same for all plants, even in 
the short-day class. Thus the results of 
Roberts and Struckmeyer with Salvia 
might be due to too high nyctotempera¬ 
tures and those with Cleome to too low 
nyctotemperatures. On the other hand it 
is known that one of the limiting factors 
for the flowering of long-day plants is a 
destructive process that takes place during 
the dark period (117). It is therefore con¬ 
ceivable that an increase in nyctotempe¬ 
rature, for these plants, would increase 
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the rate of this process, thus producing 
detrimental effects on flower initiation. 
This could explain the results of Roberts 
and Struckmeyer with white clover and 
Evans’ result with Vicia jaba L. 

The behavior of Asplenium bulbife- 
rum Forst at 20’C, in our experiments, 
with a critical long night of 23 hours in 
48 hour cycles and its quantitative long- 
day behavior in 24 hour cycles could be 
due to the fact that 20 ,) C is sufficiently 
low temperature to make the detrimental 
dark process slow enough to require ex¬ 
tremely long times to be effective. If this 
interpretation is correct, the plant should 
possess a shorter critical night length at 
higher temperatures. 

In all the preceding attempts of in¬ 
terpretation of the experimental results 
reported, the explanations suggested must 
be tested by quantitative studies in tem¬ 
perature-controlled conditions. All that 
may be said at the moment is that the 
results do not contradict this interpreta¬ 
tion, so that it can be kept, for the time 
being, as a useful working hypothesis. 

Roberts and Struckmeyer (157) re¬ 
port that Maryland Mammoth Tobacco 
behaves as a short-day plant at the higher 
nyctotemperature (flowering only in days 
of approximately 9 hours), but flowers 
also in long-day conditions at the lower 
nyctotemperature (the plants received a 
supplement of 30-80 ft. candles of light 
“from before sunset until midnight”) . On 
the other hand the Klondike Cosmos, var. 
“orange flare”, that flowered only in short 
days with the lower nyctotemperature, 
flowered also in the above described long- 
day conditions at the higher nyctotempe¬ 
rature. As the authors did not conduct 
experiments with the same plants in con¬ 
tinuous light at different temperatures 
(a fact that is understandable because 
air-conditioning facilities for greenhouses 
were not available at the time these pio¬ 


neer experiments were done), all we can 
conclude is that under the conditions of 
these experiments, there was a shortening 
of the critical long night for these plants, 
with increase of the nyctotemperature, 
Reath and Wittwer (152) have observed 
that with 16°C nyctotemperatures “Alas¬ 
ka” and “Surprise” peas are day neutral, 
whereas with 10°C nyctotemperatures the¬ 
se forms behave as quantitative long-day 
plants. 

Good examples of changes in photo- 
periodic behavior with temperature have 
been observed in the Earhart Laboratory 
in which day and night temperatures may 
be controlled. Thus Went (187) found 
that Marshall strawberries (“Fragaria vir- 
giniana” X “F. chiloensis”) behave as 
short-day plants at temperatures above 
10°C, but that the short-day behavior be¬ 
comes much less pronounced at lower tem¬ 
perature. For example, 12 hour photo¬ 
periods are too long for flower initiation 
at 20°C and at 17°C, but are effective at 
and below 14°C; 16" hour photoperiods, 
that are ineffective at 14°C, are effective 
at 10°C and at 6°C. At the two latter tem¬ 
peratures the plants flower even in con¬ 
tinuous light. 

Another plant that quantitatively 
changes its photoperiodical behavior with 
temperature is the potato (“Solanum tu¬ 
berosum”) . Tuber formation in potato is 
usually considered to be a short-day pro¬ 
cess. This is true however only in high 
nyctotemperatures. At 10°C nyctotempe¬ 
ratures, 16 hour photoperiods are almost 
as effective as 8 hour photoperiods. At 
low temperatures tubers are formed even 
in continuous light (187). 

Mathiola incana R. Brown has been 
found to behave as a long-day plant in 
the summer and as an indeterminate plant 
in the winter. This is due to the fact 
that it does not flower in short days at 
temperatures above 18°C. At temperatures 
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below 18°C it flowers both in short and 
in long days (186). 

The work of Paton with a late pea 
variety in the Earhart Laboratory (197) 
also establishes the fact that the photo- 
periodic response of this plant is quanti¬ 
tatively altered by changes in the tempe¬ 
rature of the dark period: “In the absence 
of temperature variations during the dark 
period plants grown in 8 hour photope¬ 
riods (P,) flower 25-60 days later than 
plants grown in 16 hour photoperiods 
(Pi„). A temperature change of 10°-19°C 
during the dark period almost eliminates 
the photoperiodic response, P s plants ini¬ 
tiating the first flower only 6-10 days later 
than the P 1(i plants”. 

The fact that Salvinia rotur.difolia 
Willd. shows qualitative changes in pho¬ 
toperiodic behavior with temperature 
changes between 26°C to 17°C is of inte¬ 
rest, since it represents an extreme of 
the series of cases referred to above. This 
property makes this plant a very favo¬ 
rable object for the study of the interrela¬ 
tions between partial processes in photo- 
periodism. For this purpose it will be de¬ 
sirable to determine the critical photope¬ 
riod at different temperatures and to cla¬ 
rify the situation at 20°C. At this tempe¬ 
rature there is very slow initiation of 
sporangia both in continuous light and in 
short (8 hour) days and it is possible 
that this species, at this temperature, may 
be limited by two overlapping reactions, 
requiring short days and long days, 
respectively. 

The thermoperiodic behavior of Sal- 
vinla rotundifolia Willd., shown by the 
results of Experiments j{15 and |fl6, dis¬ 
plays a pattern of reaction similar to that 
observed by Paton in the case of a late 
pea variety (147). 

In general the environmental requi¬ 
rements for the initiation of sporangia on 
all species of ferns studied bring into con¬ 


sideration problems of interrelations bet¬ 
ween temperature and the photoperiodic 
processes, as well as problems of interre¬ 
lations between the initiation of sporan¬ 
gia and other morphogenetic processes. 
The frequency with which these results 
appear in the study of similar processes 
in other plants, using the same techniques 
of culture of plants under controlled cli¬ 
matic conditions, suggests that this is not 
an isolated situation, although it might 
have been overlooked by the fact that 
equipment facilities rarely allow the stu¬ 
dy of interaction of factors and processes 
in a reasonably short time. 

Concepts elaborated in different 
realms of morphogenesis are necessarily 
operational and, as such, they reflect the 
limitations of the techniques employed in 
these fields. Thus, the study of vascular 
tissue differentiation and of heteroblastic 
leaf development place emphasis on the 
local circumstances prevailing in the ms- 
rlstems, whereas in the study of repro¬ 
ductive differentiation the accent is pla¬ 
ced in correlations between the meristems 
and the organs that perceive the environ¬ 
mental stimuli. Since these are actually 
two faces of the same phenomenon-deve- 
lopment-it is hoped that an approach that 
works with both aspects would bring to 
our knowledge new facts and new rela¬ 
tionships that will unify scattered and 
even conflicting data in a simpler picture. 
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ABSTRACT 

A survey of available data in the lite¬ 
rature shows that initiation of sporangia in 
ferns is not strictly localized, but is possible 
in many areas of the fern organism, such as 
the gametophytes, the first leaves and several 
areas of the leaf of the adult plant, which 
do not have to be contiguous. 

In the usual sites of initiation, sporangia 
show correlations with the leaf veins and they 
may be replaced by a variety of alternative 
differentiations, such as cell proliferations, 
vegetative buds and aposporous prothalli. 

Initiation and differentiation of sporan¬ 
gia may be arrested in several stages, both 
in natural conditions and experimentally. So¬ 
me of the experimental procedures that pro¬ 
duce this effect use changes in environmental 
factors. 

Experimental results recorded in the lite¬ 
rature indicate a day-neutral behavior in se¬ 
veral species and a qualitative short-day be¬ 
havior in one species (Salvinia natans Willd). 

The results of experiments reported in 
this work show that Asplenium bulbiferum 
Forst. is a quantitative long-day plant with 
a critical night of 23 hours at 2CK). In this 
species adventitious buds are capable of pro¬ 
ducing sporangia on their leaves, while 
attached to the adult leaf, but this capacity 
is lost upon isolation of the buds. 

In Osmunda claytoniana L. determination 
of the sporophylls was found to be caused 
by processes that are independent of those 
that determine the cataphylls and to be en¬ 
hanced by long days and high temperatures. 


Salvinia rotundifolia Willd. was found to 
behave as a short-day plant at temperatures 
above 20<?C and as a long-day plant at 17<?C. 
Initiation of sporangia in this species res¬ 
ponds also to daily thermoperiodicity. 

Regnellidium diphyllum Lindm. was 
found to develop sporocarps as a response 
to seasonal and to daily thermoperiodicity. 
This response is quantitatively modified by 
photoperiodism. 

These results are discussed in relation to 
the available data on the differentiation of 
vascular tissues, on heteroblastie leaf deve¬ 
lopment, photoperiodism and thermoperiodi¬ 
city. 

RESUMO 

O estudo da fisiologia da iniciacao de es¬ 
porangios em Filicales e necessario por duas 
razoes principals. A primeira e a necessi- 
dade de verificar se, para a iniciagao dos 
esporangios de Filicales, existem os mesmos 
padroes gerais de reagao, quanto aos fatores 
ambientais, que para a iniciagao de flores em 
Angiospermas. A segunda razao desse estudo 
e a necessidade de investigar os fatores que 
controlam a morfogenese dos orgaos caracte- 
risticos do esporofito, a fim de compreender 
melhor as causas fisiologicas que determinam 
as geragSes alternantes em Pteridophyta. 

O levantamento dos dados existentes 
acerca da morfologia do desenvolvimento de 
esporangios revela que eles se originam de 
meristemas de massa, que podem surgir ex- 
cepcionalmente nos protalos e nas folhas pri- 
marias e usualmente sao iniciados nas folhas 
adultas. Nestas ultimas, tais meristemas po¬ 
dem ou nao ter uma localizacao estrita e, 
quando a teem, a area das regioes em que 
ocorrem tais orgaos pode oscilar e apresentar 
discontinuidades. O fato organografico mais 
geral observado e a existencia de uma corre- 
lagao entre esporangios e nervuras. Essa cor- 
relagao e discutida nesse trabalho e demons- 
trada fisiologicamente por experiences com 
Asplenium bulbiferum Forst. 

O estudo da diferenciagao dos esporan¬ 
gios revela a possibilidade de desvios nessa di¬ 
ferenciacao. Tais desvios variam em relagao 
a etapa do desenvolvimento em que incidem 
e, tambem, quanto a diregao da diferenciagao 
que substitue a diferenciagao normal do es- 
porangio. Esses principios sao ilustrados com 
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exemplos originais e exemplos tornados da 
literatura. 

Estudam-se, a seguir, diversos padroes de 
reacao em relacao aos fatores ambientais, 
quanto a iniciacao de esporangios: 

padrao longidiurno em Asplenium bulbi- 
ferum, Forst em Osviunda Claytoniana L. e 
em Salvinia rotundifolia Willd., abaixo de 
20<?C; padrao brevidiurno em Salvinia rotun¬ 
difolia Willd., acima de 20°; padrao termo- 
periodico diurno e estacional em Regnellidium 
diphyllum, Lindm.; padrao termoperiodico 
diurno em Salvinia rotundifolia, Willd. 

Nesses estudos apareceram correlacbes 
entre a iniciacao de esporangios e outros 
processos morfogeneticos, sendo especialmente 
estudado o caso da determinagao de primor- 
dios foliares como catafilos em Osmunda 
Claytoniana L. 

Esses resultados sao discutidos sob tres 
aspectos: 

a) correlagao entre a iniciacao de espo¬ 
rangios e a diferenciacao de tra- 
queides; 

b) iniciacao de esporangios como desen- 
volvimento heteroblastico de folhas; 

c) variacao da resposta fotoperiodica 
com a temperatura. 
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